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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film which is 
high in discoloration resistance and solderability by a 
method wherein a metal pad and/or a through-hole is 
protected in a PCB manufacturing method. 
SOLUTION: It is preferable that a pad and/or a through- 
hole is gloss-etched through a dipping method, and the 
pad and/or the through-hole is plated with metal and 
treated with discoloration preventing agent. Discoloration 
preventing agent may be incorporated in a dip plating 
bath. A metal plating process is usually carried out with 
silver or bismuth, and the pad and/or the through-hole 
contains copper. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Coat PCB which contains an insulating layer and a conductive layer with a metaled 
pad and/or a run through hole, and here, Are the method of giving a coat of an antitarnish 
agent to this pad and/or a run through hole, and in a stage of gloss etching. In an immersion 
metal plating stage which forms a plated surface of metal which can be soldered contacting-to 
gloss etching constituent-this pad and/or run through hole;, and after that. A method including 
carrying out metal plating of a pad and/or a run through hole which were etched by making a 
plating constituent which does not contain a reducing agent to this ion substantially contact 
including ion of metal whose degree of electropositive is higher than metal which forms this 
pad and/or a run through hole. 

[Claim 2]A method according to claim 1 of contacting the surface of plated metal in a solution 
of an antitarnish agent. 

[Claim 3]Coat PCB which contains an insulating layer and a conductive layer with a metaled 
pad and/or a run through hole, and here, In a metal plating stage which forms a plated surface 
of metal which is the method of giving a coat of an antitarnish agent and can be soldered to 
this pad and/or a run through hole. A method including carrying out metal plating of a pad 
and/or a run through hole which were etched by making a plating constituent contact, and 
contacting a plated surface of metal in a solution of an antitarnish agent. 
[Claim 4]A method according to claim 3 of being the way a metal plating stage contains ion of 
this metal with the higher degree of electropositive for this pad and/or metal whose degree of 
electropositive is higher than metal of a run through hole, and carries out 
immersion/substitution coating of the reducing agent to this ion from solution which is not 
included substantially. 

[Claim 5]A complexing agent [ as opposed to this ion in a plating constituent ], a method 
according to any one of claims 1 to 4 of containing a polydentate ligand complexing agent 
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preferably. 

[Claim 6]A way according to any one of claims 2 to 4 a plating constituent contacts a surface of 
metal in a solution containing an antitarnish agent so that an antitarnish agent may exist in a 
metal plating constituent in this method including an antitarnish agent in the case of a plating 
stage. 

[Claim 7]A method according to any one of claims 2 to 4 of contacting a plated formed surface 
of metal in a solution which forms the surface by which metal plating was carried out in a 
plating stage, and contains an antitarnish agent in the second phase after washing after that. 
[Claim 8]Claims 2-4 whose contact time of a solution containing an antitarnish agent and a 
plated surface of metal is 10 seconds - 5 minutes, a method given in any 1 clause of 6 or 7. 
[Claim 9]Claims 2-4 which contact a surface of metal in a solution containing an antitarnish 
agent by dip coating or spray painting, and a method given in any 1 clause of 6-8. 
[Claim 10]Claims 2-4 to which an antitarnish agent exists in this solution in 0.001 to 5weight % 
of quantity of a solution, and a method given in any 1 clause of 6-9. 
[Claim 1 1]Coats of plated metal of a surface of metal are nickel, silver, tin, lead, palladium, 
cobalt, gold, platinum, bismuth or those alloys, and the method according to any one of claims 
1 to 10 of containing silver preferably. 

[Claim 12]A method according to any one of claims 1 to 1 1 by which a pad or a run through 
hole is formed with copper. 

[Claim 13]A method according to any one of claims 1 to 12 including a preliminary stage given 
so that it may mean that a pad and/or a run through hole exposed with as a mask which is an 
insulator to a trace of a conductor exposed on the surface of PCB. 

[Claim 14]A method according to any one of claims 1 to 13 including a succession stage of 
attaching a conductive part to a pad and/or a run through hole which carried out metal plating 
using solder which carries out direct contact to metal plating. 

[Claim 15]lt is an aquosity plating constituent suitable for forming immersion plating of metal 
whose degree of electropositive is comparatively high in a ground of metal whose degree of 
electropositive is comparatively low, A constituent which contains a complexing agent to ion 
and this ion of metal with the higher degree of electropositive, and an antitarnish agent to this 
metal with the higher degree of electropositive, and does not contain a reducing agent to this 
ion substantially. 

[Claim 16]The constituent according to claim 15 in which an antitarnish agent exists in a 
solution in 0.001 to 5weight % of quantity of a constituent. 

[Claim 17]These ion is nickel, silver, tin, lead, palladium, cobalt, gold, platinum, bismuth or 
those alloys, and the constituent according to claim 15 or 16 that is silver ion preferably. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]A "bare board" is produced in the first phase (multistage story), in the 
case of manufacture of a printed circuit board (PCB), it is the second phase (multistage story), 
and it attaches various parts to the board. This invention relates to the culmination in 
manufacture of a bare board which covers a bare board with a protective layer, before 
progressing to the second manufacturing stage. 
[0002] 

[Description of the Prior ArtJIn order to attach parts to a bare board on a second stage story, 
there are the twist latest surface installation devices, such as part [ of the present dimorphism 
type ]:, i.e., an owner leg article, for example, a resistor, and a transistor. An owner leg article 
attaches each of a leg to a board in the hole of a board through and by ranking second and 
securing that the hole around a leg is filled with solder. A surface installation device is attached 
on the surface of a board by soldering in a flat contact portion region, or adhesion using 
adhesives. 

[0003]ln the first phase, the board containing the pad and/or run through hole of an insulating 
layer, a conductive circuit diagram form, and conductivity is manufactured. A board may be a 
multilayer board which has arranged two or more conductive-circuits figures between 
insulating layers, or may also include the insulating layer of one layer, and one conductive- 
circuits figure. 

[0004]A run through hole may carry out through plating so that they may be conductivity, and 
the pad which forms surface installation parts or the region attached in a subsequent part 
attachment stage may also be conductivity. 

[0005]Although a circuit diagram form, a pad, and the conductive region of a run through hole 
may be formed with the mixture of what kind of conductive material or a different conductive 
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material, they are generally formed with copper. Temporally, copper oxidizes, and soldering 
fitness is held, before advancing to the second part attachment phase, since there is a 
tendency which forms the layer of the copper oxide which has inferior soldering fitness, 
Preventing formation of the surface layer of the copper oxide whose soldering is easily 
impossible covers a desirable pad and/or region of a run through hole, and a protective layer is 
coated. 

[0006]ln order to produce a bare board, there are two or more methods, but one of the 
methods most widely used for production of a bare board is publicly known as the technique of 
"being a wrap solder mask about bare copper" (SMOBC). Generally such a board contains the 
epoxy joint fiberglass which covered one side or both sides with the conductive material. It 
seems with it being general that this board is a multilayer board which has by turns a 
conductive layer containing a circuit diagram form and an insulating layer, a conductive 
material - general - a metallic foil - it is copper foil most ordinarily. In the SMOBC technique, 
such a board comes to hand and a plate is punched using a template or an automation drill 
press. Subsequently, "through plating" of the hole is carried out using the non-electrolytic 
copper plating method which deposits a copper layer to whole board:, i.e., the both sides of the 
upper surface of foil, and the surface of a run through hole. 
[0007]Subsequently, the region which covers a plate with a photosensitive thin film 
(photoresist), is made to expose by the preselected region, was developed chemically and was 
not made to expose is removed, and the conductive region which is the run through hole and 
pad which were plated is exposed. The thickness of the metallic foil of a region which is the 
following stage and was generally exposed by the electroplating stage of another copper is 
made to increase. The protective layer of the etching resist which is usually an electroplating 
composition of a ****- lead alloy is exposed, and the region of the thickened copper is covered 
and given. 

[0008]Subsequently, copper for removing and removing photoresist is exposed, the surface of 
the exposed copper is etched and removed using a copper etching composition, and it leaves 
copper to the circuit diagram form needed for the last target. 
[0009]The resist of a ****- lead alloy is stripped off in the following stage. 
[0010]Since parts will be attached to a copper circuit trace, although parts are attached to not a 
trace but a run through hole, and a pad, generally, to coat solder is only needed. Therefore, by 
the development which follows screen printing or optical image formation, for example, and a 
case, using the technique of hardening, a solder mask is given to a board and the region which 
does not need solder coating is protected. Subsequently, the copper which the hole and the 
pad exposed is purified and it prepares for solder coating. 

Then, for example, by hot wind smoothing (HAL) following the immersion to a solder bath, a 
protection solder coat is coated and a protection solder coat is formed in the region which is 
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not covered with a copper solder mask. 

In order that solder may not wet a solder mask, a coat is not formed in the upper bed of the 
region protected by the solder mask at all. 

[001 1]ln this stage, a board contains the insulating layer of at least one layer, and the 
conductive layer of at least one layer. The singular number or two or more conductive layers 
include a circuit trace. A board also contains the singular number or two or more pads and/, or 
the run through hole protected from discoloration by the layer of solder. A single conductive 
layer may include a circuit trace, either of the pads, or both sides. Do any pads become a part 
of conductive layer which is an outer layer of a multilayer board? The circuit trace on a board is 
covered with a solder mask. 

[0012]Such a board can be promptly advanced to the second stage story for attachment of 
parts. In this second stage story, generally, by printing, the soldering paste (solder and a fusing 
agent are included) of one layer is applied to a board, and :, i.e., the start, which attains 
attachment of parts using solder arranges parts to the printed board. Subsequently, a board is 
heated within oven, fusion of the solder in soldering paste is occurred, and it forms the point of 
contact of parts and a board. This method is publicly known as reflow soldering. It replaces 
with this and the wave soldering method for passing a board over a melting solder bath is also 
used. In any case, it puts on any protection solder coats, and it uses additional solder. 
[0013]The special necessity of attaching additional complication of the both sides of an owner 
leg article and a surface mounting device and the small parts in which many crowded has 
caused the demand to the surface-protection coat for the conductive metal which is going to 
attach the parts on PCB which grew. As for finishing which a bare board maker gives, it is 
indispensable not to leave the pad which has the surface which is not flat from it increasing the 
danger of electric failure. It is also indispensable that a protective film interferes in a 
subsequent solder stage, and there is nothing of a bare board and parts for which formation of 
a good conductive combination is barred by it. Probably, the excessive stage of removing a 
protective film will not be desirable. 

[0014]The conductive metal surface must be formed with copper, must give the protection 
surface at the terminal point of the first step, and, generally, must prevent formation of the 
copper oxide in the copper surface before part attachment which cannot be soldered as 
explained above. Although especially this is important, it is because it is considered that the 
first step and the second part attachment phase are carried out at a thoroughly different 
generally part, therefore, ************ j n f ew may ex j s t between a conductive pad, and/or 
formation of a run through hole and a part attachment stage, and oxidation may occur in the 
meantime. Therefore, the protective film considered to make it possible to form the soldered 
point of contact when the soldering fitness of a conductive material is maintained and parts are 
attached to a bare board is needed. 
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[0015]"HAL" (hot wind smoothing) in which the most general protective film used now 
explained the example in full detail above - they are the tin / lead solder generally given using 
law. 

[0016]The HAL method is difficult to give solder uniformly, and since the thickness distribution 
formed by use of the HAL method makes it difficult to attach so that the very small parts which 
are used now and which crowded can be trusted, it is limited. 

[0017]Some substitution processings to coating of the solder layer by HAL are introduced. The 
coat must enable formation of a reliable electric contact with parts. It must be equal to 
soldering of a multistage story. For example, as above-mentioned, although attached to a bare 
board, both an owner leg article and surface mounting parts exist now, and it seems with it 
being general that it is attached by at least two soldering operations. Therefore, a protective 
film must be borne also at at least two soldering operations so that the region which it is going 
to solder by the second operation may be protected in the case of the first operation and may 
remain. 

[0018]As an alternative plan proposed to the solder of the tin/lead alloy used for the HAL 
method, there are organic protection and immersion tin or tin / lead plating, and nickel/gilding. 
In the method of nickel/gold, the primer layer of nickel is coated in copper. 
Then, nonelectrolytic plating of a copper surface which coats a golden layer is carried out. 
As for this method, many process steps exist and, moreover, golden use is inconvenient from 
causing an expensive process. 

[0019]Organic protection to the copper pad in the storage before soldering and the case of an 
assembly is also carried out using the lacquer of a fusing agent. Generally the use is limited to 
the board (namely, board which has a conductive pad only in one field) of one side. Generally 
a coat is given by immersion, spraying, or roller painting. Since it is difficult to also give a 
steady coat to a misfortune on the surface of a board, it originates in the porosity of a coat, and 
the thickness of the coat which is not steady, and the limited life expectancy is caused. It has 
become clear that it has ****** in which fusing agent lacquer is also comparatively short. 
Another problem will be a part attachment stage, and if it tends to use reflow soldering for 
attaching parts, it will be fixing parts to the proper place of the board bottom with adhesives. 
When fusing agent lacquer is thick, adhesives form combination between adhesives and the 
coat of lacquer instead rather than couple parts directly with the printed board. The strength of 
this combination may fall in the case of the stage of melting treatment and soldering, and may 
omit parts in the case of contact with a solder bath. 

[0020]Another alternative plan in which it is used now is the passivation/protection processing 
based on use of the imidazole or triazole which forms a copper complex compound in a copper 
surface. Therefore, it combines with the surface chemically and these coats prevent the 
reaction of copper and oxygen. However, since this method has an unsuitable tendency in 
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bearing the stage of continuous soldering, it is inconvenient from there being a tendency that 
the subsequent soldering operation which needs the elevated temperature which reaches in 
the first soldering stage to destroy this layer and attach the parts beyond it cannot be borne. It 
is shown to the 0,428,383rd item gazette of the Europe public presentation patent by example 
of such a method, and here, It is the method of the surface treatment of copper or a copper 
alloy, and the way the number of carbon atoms includes that the surface of copper or a copper 
alloy is immersed in the benzimidazole compound which has an alkyl group of at least 3 in the 
position of 2, and the solution containing organic acid is indicated. 
[0021] 

[Problem to be solved by the invention]The method of giving a coat using the constituent 
containing silver is also publicly known. 

[0022]Three kinds of general complexing systems for the unelectrolyzed silver plating method 
are systems based on either ammonia, thiosulfate salt or cyanide. 

[0023]The solution of the ammonia system of the silver containing ammonia is unstable, and 
since there may be a tendency for an explosive azide to be formed, it is inconvenient. In order 
that the sulfur compound in the silver film formed may cause inferior soldering fitness, a 
thiosulfate salt system is a subsequent part attachment stage, and since an inferior electric 
contact may be formed between a bare board and parts, it is inconvenient to use in electronics 
industry. 

[0024]Since plating liquid is poisonous, the system based on cyanide is inconvenient. 
[0025]A U.S. Pat. No. 5,318,621 Description has disclosed the electroless plating liquid which 
contains amino acid as an accelerating agent as for which copper on a circuit board deposits 
silver or gold in a wrap nickel film. What neither will be directly plated for in copper is indicated 
from copper dissolving quickly the nonelectrolytic plating bath of gold or silver based on 
thiosulfate salt/sulfate, without making the coat of silver or gold form. "Metal Finishing 
Guidebook & Directory" (1993 editions) is considered by the introduction of these Cited 
documents. The silver plating liquid containing silver nitrate, ammonia, and a reducing agent 
like formaldehyde is mentioned. 

[0026]The U.S. Pat. No. 4,863,766 Description is also indicating unelectrolyzed silver plating 
which uses the plating liquid based on cyanide. Russev has indicated immersion silver plating 
of the copper powder from the plating liquid containing silver nitrate and a nitrogen complexing 
agent by Metal Finishing and 27-30 pages per volume [ 81st ] No. [ the ] (1983). In 53 pages of 
the Metal Finishing August items (1960), Geld ranks bright dip second to the ground of brass 
or copper first, and has indicated the painting method of the silver accompanied by the silver 
plating stage which plates a thick silver coat from the solution of silver nitrate and potassium 
iodide. This method is for plating an electric contact and raising conductivity. 
[0027]ln JP.H4-1 10474 ,A, base metal was plated with silver, and it dried, it ranked second, 
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processed with the mercaptan compound, and discoloration is prevented. In the 4,331,679th 
item Description of the Germany Request for a Patent. It coats by palladium by two steps of 
methods of making the bath which contains palladium salt, a complexing agent and formic 
acid, or a formic acid derivative on a second stage story including the first step to which the 
surface is contacted in the bath which contains palladium salt and an oxidizer for a base metal 
like copper contact. The latter bath may contain stabilizer for bath itself which stabilizes a bath 
to decomposition or a "plating piece." It is suggested that the ground which is copper must be 
beforehand etched using the non-gloss etching bath containing persulfate. However, the stage 
of such pretreatment tends to form the coat which is comparatively rich in porosity. This 
invention persons minimize the porosity rate of a coat using two steps of methods that a very 
thin coat is formed, in the first stage. This reference serves as warning to using silver for 
corrosion prevention for reasons of shift. 
[0028] 

[Means for solving problem]Metal with the higher degree of electropositive is the surface which 
it is going to coat, and this invention relates to substitution immersion metal plating which 
replaces metal with the lower degree of electropositive. The ion of metal with the higher degree 
of electropositive oxidizes the metal of a ground. By the single displacement by the metal in 
which the surface which it is going to protect can oxidize, and each relative electrode potential 
of a silver ion, since the substitution plating method forms a silver film on the surface of metal, 
it differs from a non-electrolytic decomposition process. 

[0029]For example, although silver is plated with "present-day electroplating (Modern 
Electroplating)" (1963) by F.A. Lowenheim published by J. Wiley & Sons to almost all base 
metals by substitution, It is reported that the silver by which immersion plating was carried out 
is not a small adhesive property. F.A. Lowenheim has suggested that it is required to secure 
good adhesion of the layer of the silver in which the silver thin film was deposited for the raw 
material at the beginning, and electroplating of after that was carried out from the high cyanide 
shock bath, when a base metal is electroplated with silver. 

[0030]An object of this invention is to provide the alternative plan over the protective coating by 
solder over the conductive surface of a bare board with required protecting from discoloration 
between the manufacturing stage of a bare board, and a part attachment stage. 
[0031] 

[Mode for carrying out the invention]According to this invention, coat PCB which contains an 
insulating layer and a conductive layer with a metaled pad and/or run through hole, and here, 
Are the method of giving the coat of an antitarnish agent to this pad and/or a run through hole, 
and in the stage of gloss etching. A method including carrying out immersion plating of the pad 
and/or run through hole which were etched in the metal plating stage which forms the plated 
surface of metal which can be soldered contacting-to gloss etching constituent-this pad and/or 
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run through hole; and after that is provided. 

[0032]It seems that the insulating layer and conductive layer of PCB are as above-mentioned. 
They may also include the insulating layer of PCB of what kind of common use, and the figure 
of conductive circuits, respectively. The pad and/or run through hole for plating are a soldering 
stage for part attachment of after that of PCB, and in order to attach parts, they are a region 
which must maintain soldering fitness. 

[0033]A gloss etching stage includes contacting a pad and/or a run through hole to a gloss 
etching constituent. Such a constituent forms the purified smooth surface that it is [ the 
conductive metal in which it is known and a pad and/or a run through hole are formed for other 
uses ] glossy in this industry. By contrast, a non-gloss etching constituent, for example, the 
constituent based on persulfate, gives the purified surface by which detailed surface 
roughening was carried out. Especially use of a gloss etching stage enables dense formation 
of the metallic film which is not porosity suitable for a subsequent soldering stage. 
[0034]Generally a suitable gloss etching constituent is aquosity, for example, may be based on 
many mixtures from one kind or it among hydrogen peroxide, sulfuric acid, nitric acid, 
phosphoric acid, or chloride. A gloss etching constituent contains at least one kind of 
ingredient considered [ tending to change the dissolution of copper to the inside of a gloss 
etching constituent, and ] to be general. 

[0035]Especially the suitable gloss etching constituent in which the surface of metal of a pad 
and/or a run through hole contains copper or a copper alloy, for example, the JP,62-188785,A- 
A No. 2 gazette (the inside of solution - 5.1-10.2 mol/l. nitric acid.) 4.6-9.2 mol/l. sulfuric acid, 
0.01 mol/l. of zinc nitrate, and a 0.4 mol/l. cupric nitrate - content; JP,60-190582,A (for 
example, 20 to 50weight % of sulfuric acid (96%).) 10 to 25weight % of nitric acid (67.5%), 0.5 
to 1 weight % of chloride (35%), and 0.5 to Iweight % of a nonionic surface active agent - a 
content; U.S. Pat. No. 3,668,131 Description (hydrogen peroxide.) sulfuric acid and a urea 
additive - content;, [ Metal Finishing and ] 67-70 pages (potassium sodium.) of the 2 volume 
[ 84th ] No. (February, 1986) Sulfuric acid, chloride, and diethyldithiosodium carbonate 
Content;Trans. Inst. Metal Finishing, 46-49 pages of the 2 volume [61st] No. (the summer of 
1983) (acidification hydrogen peroxide containing hydrogen peroxide, sulfuric acid, and 
stabilizer); Oberflaeche Surf, the 20th volume - the 8th - No. (August, 1979) 178 -179 page 
(nitric acid and dodecylpyridinium chloride is contained); - a U.S. Pat. No. 4,510,018 
Description (sulfuric acid.) Hydrogen peroxide, Fatty acid amine and an ammonium compound, 
content; - U.S. Pat. No. 4,459,216 Description (5-100g/l. of hydrogen peroxide, 100-300g/l. of 
sulfuric acid, and aromatic stabilizer are contained); - JP,59-038308,A (0.15-0.3 mol/l. of 
chloride.) It is as given [ 0.2-0.4 mol/l. of phosphoric acid, and 0.02-0.1 mol/l. of sulfuric acid ] 
in content. When the conductive material of a pad and/or a run through hole contains stainless 
steel, especially a suitable gloss etching constituent, Tr. Gos. Nauchno-lssled. Proektn. for 
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example, International-Publication patent No. 08317 [ 93 to ] gazette; — Provisional- 
Publication-No. (62)-238379-A No. 2 gazette; - 1,928,307th item gazette [ of the Germany 
public presentation patent ]; - or. It may be as Inst. Osnovn. Khim. and a description with a 
[ 93-97 pages ] of of volume [ 36th ] (1974). It is suitable when a conductive material is 
aluminum. ****** is as Met. Finishing and a 55-59 pages [ of the 7 volume / 84th / No. (July, 
1986)] description. 

[0036]Therefore, what kind of glossy etching constituent which gives the purified surface may 
be used. In a gloss etching stage, the contact with a gloss etching constituent, For example, it 
is good by immersion at sufficient time to make it possible to form in the conductive material of 
a pad and/or a run through hole the surface with gloss which was indicated to either of above- 
mentioned reference document, and the temperature for which it was suitable, spraying, or any 
of other coating techniques. Generally, probably the temperature for contact with a gloss 
etching constituent is ordinary temperature, and probably there are 5 seconds - 10 minutes of 
contact time 30 seconds or more or 2 minutes or more preferably, and will be below for 5 
minutes preferably. 

[0037]Generally, the washing latter-part story subsequently directly advanced to a plating 
stage will exist, without generally drying including after an etching stage washing a bare board 
by deionized water. It may replace with this and may be made to contain, after rinsing a 
pickling stage. 

[0038]A plating stage is an immersion (or substitution) plating stage. 
[0039]ln an immersion-plating stage, a plating constituent contains the metal ion of the metal 
whose degree of electropositive is higher than a conductive material. Therefore, it depends for 
selection of the metal ion in immersion-plating liquid on the metal which is going to be plated. 
Since a pad and/or a run through hole contain copper or nickel, as a suitable example of the 
metal to plate, they have bismuth, tin, palladium, silver, and gold, and, generally,; silver and 
especially bismuth ion are preferred for them. 

[0040]Especially the suitable immersion silver plating method is indicated to the British patent 
application of the copending application of this invention persons for whom it applied to the 
64th/of reference number basis of No. 2031/00 today. 

[0041]As a metal ion source to plate, what kind of water-soluble metal salt, for example, a 
nitrate, acetate, sulfate, a lactate, or formate may be used. Preferably, silver nitrate is used. 
[0042]Generally 0.06-32g (based on metal ion)/l. of ion [ 0.1-25g/l. of ] which carries out metal 
plating exists in a plating constituent by the concentration of 0.5-1 5g/l. most preferably. 10-90 
** of 15-75 ** of contact of a surface of metal with plating liquid is preferably considered to 
come out at the temperature of 20-60 ** more preferably with it being general. For example, it 
seems that 15-50 ** of temperature of contact with plating liquid is 20-40 ** most ordinarily. 
[0043]contact -- what kind of method - it can also usually be based on immersion, spraying, or 
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level dip coating. Spray painting is preferred. Such contact may be a part of painting process 
which continues substantially. 

[0044]The contact time of plating liquid with a surface of metal is enough to cover metal and 
form the plated surface of metal. It seems with it being general that contact time is 10 seconds 
- 10 minutes. It is found out that the contact time for less than 10 seconds generally gives the 
insufficient coverage by a silver film, and although contact time may be longer than 10 
minutes, from contact time longer than 10 minutes, the further profits are not found out at all. 
[0045]The suitable plating method is an immersion substitution method, and is not a true 
nonelectrolytic plating method. In the suitable plating constituent of this invention, the plated 
metal of one layer deposits on a pad and/or a run through hole with the metal plating ion in a 
solution as a result of the oxidation of the metal atom of the metaled surface, the time of this 
method covering all the parts of the surface of the metal which can oxidize with the metal 
which the plated metal plates - the reaction beyond it, therefore since the deposit beyond it 
does not arise at all again - self - it is restrictive. 

[0046]ln the second mode of this invention, coat PCB which contains an insulating layer and a 
conductive layer with a metaled pad and/or run through hole, and here, In the metal plating 
stage which forms the plated surface of metal which is the method of giving the coat of an 
antitarnish agent and can be soldered to this pad and/or a run through hole. By making a 
plating constituent contact, a method including carrying out metal plating of the pad and/or run 
through hole which were etched, and contacting the plated surface of metal in the solution of 
an antitarnish agent is provided. 

[0047]ln this mode of this invention, preferably, before contacting a surface of metal to a 
plating constituent in a plating stage, a surface of metal is purified. Purification may be using 
what kind of publicly known purification constituent, acid purification constituent, for example, 
this technology. An example is PC1 144 which is a regulator of the copper which Alpha Metals 
Limited supplies. When the purification stage using acid purification liquid exists, before 
contacting a surface of metal in plating liquid, generally a cleaning step will exist. Preferably, 
the stage before any purification will include a gloss etching stage. 

[0048]ln the mode of the both sides of this invention, since an antitarnish agent may exist in 
plating liquid itself, plating liquid contains the solution containing an antitarnish agent. 
Therefore, in the suitable method of this invention, the surface of metal plated on the occasion 
of a plating stage is contacted in the solution containing an antitarnish agent (namely, it may 
be contact in the case of formation of the plated surface of metal). 

[0049]Or the surface of metal which formed the surface of metal and was formed after that in 
the plating stage again is contacted in the solution containing an antitarnish agent in another 
stage. A solution is aquosity preferably, and in deionized water, if there is nothing as if, it will 
be manufactured from pure water. The constituent containing an antitarnish agent may contain 
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additionally stabilizer, for example, a non-aqueous solvent, a surface-active agent, and/or a 
buffer for pH. 

[0050]The contact with the constituent containing an antitarnish agent and the plated surface 
of metal will be for at least 20 seconds preferably for at least 5 seconds. When an antitarnish 
agent exists in plating liquid, generally the time of contact is determined by the temporal 
duration of a plating stage. Generally, probably, contact time is 1 to 5 minutes. 10-90 ** of 
temperature [ 15-75 ** of ] of contact is 20-60 ** more preferably most ordinarily. For example, 
15-50 ** of temperature of contact with plating liquid may be 20-40 ** most ordinarily. Contact 
is good also by what kind of idiomatic means, for example, immersion, spraying, or level dip 
coating. 

[0051]the specific antitarnish agent in which until is used to some extent for most suitable pH — 
however, it is dependent on the metal ion which exists mainly during the plating bath 
containing an antitarnish agent. When contacting an antitarnish agent to the plated surface of 
metal in a separate stage, to an antitarnish agent, pH is suitable, and it must be chosen so that 
it may not invade plating. When a solution is a silver plating constituent, convenient pH is 
within the limits of 3-10. When a solution is a bismuth plating bath, pH may be 1 or less than it. 
[0052]The solution containing an antitarnish agent may be the last penetrant remover applied 
to a board before desiccation of a board. A board may be given to a subsequent processing 
stage after contact with the constituent containing an antitarnish agent. However, generally, a 
processing stage exists in the terminal point of the first bare board manufacturing stage, and 
after the contact with the solution containing an antitarnish agent and desiccation can carry out 
the second part attachment phase promptly. By a case, the cleaning step by deionized water 
may exist before desiccation, for example. 

[0053]Probably, generally the concentration of the antitarnish agent in the solution containing 
an antitarnish agent is 0.0001 to 5 weight %/l., i.e., 0.001-50g. It seems with it being desirable 
that there is 0.005 to 3 weight % of quantity of an antitarnish agent most preferably 0.01 to 2 
weight %, or less than 1 weight %. 

[0054]The method of the second mode of this invention may be used [ as opposed to / 
wonderfully / gold, platinum, or the precious metals like a ruthenium ], and will raise soldering 
fitness in that case. 

[0055]ln the second mode of this invention, a metal plating stage is immersion/substitution 
plating or a nonelectrolytic plating stage preferably. It consists of a single stage using a single 
plating constituent. Probably, a plating stage is immersion/substitution plating stage including 
contacting the metal of a pad and/or a run through hole to an immersion-plating constituent 
most preferably. 

[0056]when plating is caused in addition to suitable immersion/substitution method, it is based, 
for example on nonelectrolytic plating - if it becomes - plating with an alternative plating 
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constituent — public funds — group ion, for example, nickel, may also be included. 
[0057]Even when use of the antitarnish agent in this invention was stored at 96 hours or 150 ** 
with 40 ** and 93% of relative humidity for 2 hours, it became clear that the metallic film which 
has good color fastness (humidity and tolerance over oxidation) was given. As a result of 
porosity peculiar to dip coating falling by giving the smooth surface using a gloss etching 
stage, even in the elevated temperature which reaches in the case of a reflow-soldering 
process, the discoloration-proof characteristic is improved considerably. Although it originates 
in shift of a silver ion, for example, the concern over use of silver plating which was written in 
the 4,316,679th item Description of the Germany Request for a Patent is conquered, that is 
because it became clear that shift of silver was prevented substantially, when this invention 
gives the barrier to moisture. 

[0058]As for an immersion-plating constituent, in two modes of the above of this invention, it is 
preferred to contain the complexing agent to the ion of metal with the higher degree of 
electropositive. 

[0059]The ion of the metal with the higher degree of electropositive in another mode of this 
invention, As a result of making the aquosity plating constituent containing the antitarnish 
agent for the complexing agent to such ion, and metal with the higher degree of electropositive 
contact, by forming the coat of metal with the higher degree of electropositive, The substitution 
metal plating method which plates metal with the low degree of electropositive with metal with 
the high degree of electropositive relatively is provided. 

[0060]the ion of the metal which can perform substitution plating in this mode of this invention - 
- as compared with this metal ion, it exists in many quantity from an equimolecular amount 
preferably. The new plating constituent which does not contain substantially the reducing agent 
which can return this ion to this metal is also provided by containing the complexing agent to 
this ion and containing the antitarnish agent for this metal. 

[0061 ]lt was found out that this mode of this invention is useful for especially plating by silver 
or bismuth. Therefore, as for the indicated plating constituent, it is preferred to contain the ion 
of silver or bismuth. 

[0062]The plating constituent used for this mode of this invention may be an immersion-plating 
constituent also based on what kind of plating constituent used for PCB industry. 
[0063]ln this embodiment of this invention, preferably, before contacting a surface of metal to a 
plating constituent in a plating stage, a surface of metal is purified. Purification may be using 
what kind of publicly known purification constituent, acid purification constituent, for example, 
this technology. An example is PC1 144 which is a regulator of the copper which AlphaMetals 
Limited supplies. 

[0064]When the purification stage using acid purification liquid exists, before contacting a 
surface of metal in plating liquid, generally a cleaning step will exist. 
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[0065]Preferably, the stage before any purification will include a gloss etching stage. 
[0066]When a plating constituent contains a complexing agent, 10-100g/l. 2-200g/l. exists in 
the quantity around 50g/l. especially most preferably preferably 0.1-250g/l. preferably. A 
complexing agent may be what kind of complexing agent to the metal ion to plate which does 
not form insoluble precipitation in water under the aquosity of a constituent, and the conditions 
of pH. The mixture of a complexing agent may be used. It is desirable to use the complexing 
agent which is a ligand of two seats or the higher number of seats, and that is because the 
stability constant of such a complex is higher than a unidentate ligand. 
[0067]As an example of a suitable complexing agent, an oxygen content ligand, for example, 
the amino acid which has two or more piece ten or less carbon atoms preferably, and those 
salts, polycarboxylic acid - usually - aminoacetic acid, for example, nitrilotriacetic acid,. 
Usually Or ethylenediaminetetraacetic acid (EDTA), a diethylenetriamine pentaacetic acid, N - 
hydroxyethyl - ethylenediamine - triacetic acid - 1 ,3 - diamino- - 2-propanol - N - N - N - ' 
- N - ' - a tetraacetic acid. The alkylene polyamine polyacetic acid which includes screw 
hydroxyphenyl ethylenediamine diacetate, a diaminocyclohexane tetraacetic acid, or ethylene 
glycol bis- [(beta-aminoethyl ether) -N,N'-tetraacetic acid], And N,N,N',N'-tetrakis (2- 
hydroxypropyl) ethylenediamine, There are citrate and/or a tartrate, a N.N-di-(hydroxyethyl) 
glycine, gluconate, a lactate, citrate, a tartrate, crown ether, and/or cryptand. 
[0068]Especially suitable complexing agents are EDTA, DTPA, and N,N,N',N'-tetrakis (2- 
hydroxypropyl) ethylenediamine to silver, a complexing agent - the bottom of the conditions of 
the pH of plating liquid -- plating - public funds - the complex of fusibility must be formed in 
solution with group ion. 

[0069]A complexing agent suitable for bismuth is a chloride, and, generally it is unnecessary to 
use the complexing agent of a multi-seat ligand (namely, two seats or the higher number of 
seats) to bismuth. 

[0070]As for a complexing agent, it is preferred to use by a stoichiometrical equivalent or an 
excessive amount of stoichiometrical either so that all the metal ion for plating may be 
complexed. Stoichiometric shall mean the number of equimolars. a complexing agent exists 
with molar concentration higher than a silver ion preferably - a mole ratio - desirable - :(at 
least 1 .2) 1 - more - desirable - :(at least 2.0) 1 - it is :(at least 3) 1 still more preferably. 
[0071]As an antitarnish agent suitable for using in all respects of this invention, some are 
following, for example. : [0072]Preferably (a) Six or more carbon atoms, the carbon atom which 
is ten or more pieces most preferably, Generally, are 30 or less carbon atoms fatty acid amine 
which it has, and The first class, They may be the second class, the third class, diamine, 
amine salt, amide, ethoxylation amine, ethoxylation diamine, quarternary ammonium salt, 
quaternary 2 ammonium salt, ethoxylation quarternary ammonium salt, ethoxylation amide, 
and an amine oxidation thing. The example of corrosion inhibitor of the first class, the second 
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class, and tertiary-ami ne form is ARMEENtm (tm expresses a trademark). The example of 
corrosion inhibitor of the amine form following it, respectively DUOMEENtm, 
ARMACtm/DUOMAC, ARMIDtm, ETHOMEENtm, It is ETHODUOMEENtm, ARQUADtm, 
DUOQUADtm, ETHOQUADtm, ETHOMIDtm, and AROMOXtm, and all are supplied by Akzo 
Chemie. 

[0073](b) A pudding and a substitution pudding. 

[0074](c) The product of the range of SARKOSYL which N-acyl derivative, for example, Ciba- 
Geigy, of a sarcosine supply. 

[0075](d) Organic polycarboxylic acid like Reocor 190 which Ciba-Geigy supplies. 

[0076](e) Substitution imidazoline whose substituent is a hydroxy C 1 - C 4 alkylamino group or 

a basis containing carbonyl, for example. Especially as an example, there is AMINE 0 which 
was combined with N-acyl sarcosine of the category of (c) and which Ciba-Geigy 
manufactures. 

[0077](f) An alkyl group is 22 or less carbon atoms, the alkyl which have 1 1 or less carbon 
atoms preferably and by which alkyl or benzyl is replaced by the case, or alkyl 
benzylimidazole, for example, undecylimidazole. 

[0078](g) an alkyl group ~ 22 or less carbon atoms - preferably ten or less carbon atoms, 

[ have and ] Benzimidazole by which alkyl or benzyl is replaced by the case, especially alkyl 

aryl benzimidazole, especially suitable 2-(p-chlorobenzyl) benzimidazole 

[0079](h) Phosphoric ester like EMCOL PS-413 which Witco supplies. 

[0080](i) The triazole derivative replaced by a case like REOMET 42 which Ciba-Geigy 

supplies. Benzotriazol, tollyltriazole, and the number of carbon atoms of an example of an alkyl 

group are 1-22, and an alkylation triazole derivative that are 1-10 preferably. 

[0081](j) Substitution tetrazole, for example, 5 (3 (trifluoro methylphenyl)) tetrazole, is a 

suitable example. 

[0082]although it seems that until dependence of the selection of an antitarnish agent is carried 
out to some extent at the metal of a surface of metal plated, probably, this will be clear to a 
person skilled in the art. For example, if it tries to build an antitarnish agent into a golden 
plating bath, an antitarnish agent may be a salt of a chloride, but by contrast, if a silver plating 
bath is used, since formation of precipitation of insoluble silver chloride will be caused, don't 
use the salt of a chloride. 

[0083]As for an antitarnish agent, it is preferred that it is water solubility so that a solution may 
turn into solution. However, although the antitarnish agent which is not mixed with water may 
be used, it is sometimes required for a solution to include a surface-active agent / assistant 
solvent. 

[0084]as a result of giving ****** in few to that this invention prevents discoloration with the 
manufactured bare board, and gives the tolerance over humidity, it became clear that the 
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further protection was given between a bare board manufacturing stage and a part attachment 
stage. It is found out that soldering fitness is enhanced. 

[0085]Although pH suitable for a silver plating constituent may be 2-12, it is 4-10 preferably. 
Therefore, a constituent may be the acidity to pH 7. Or a constituent may be alkaline, it may be 
larger than 7, or may be clear from 7.5, and may have large pH again. The plating liquid of 
bismuth usually has 1 or low pH not more than it. 

[0086]A buffer may be included in a plating constituent and it may secure that pH of a 
constituent is in request within the limits. As a buffer, what kind of acid or base which can suit 
may be included. Acid or the base which can suit is acid or the base which does not produce 
precipitation from the solution of a silver ion and/, or a complexing agent in the quantity needed 
for a constituent. For example, hydrogen chloride is unsuitable to a silver plating constituent in 
order to form precipitation of insoluble silver chloride. As a suitable example, there is hydroxide 
or carbonate of sodium or potassium, or when acid is required, there may be citrate, nitric acid, 
or acetic acid as suitable acid. Although borate salt, phthalate, acetate, and an phosphate may 
be used, it is preferred for a buffer not to produce a precipitate of metal salt and not to stop a 
plating rate. It will depend for the suitable buffer on desired work pH. 
[0087]A plating constituent may contain arbitrary ingredients like a surface-active agent or a 
wetting agent, in order to improve the homogeneity of a coat. When it includes a surface-active 
agent, it is preferred to introduce into a constituent in quantity which exists by the 
concentration of 0.02-1 OOg/l. in a plating bath, desirable - the concentration of 0.1-25g/l. - it 
will incorporate by the concentration of 1-15g/l. most preferably. What kind of standard 
surface-active agent or wetting agent which is useful for a plating bath may be used. A 
nonionic surface active agent is preferred. Especially a suitable surface-active agent, 
respectively *Synperonic NP9 (ICI), * They are alkylphenol ethoxy RATO like [ Harcros ] 
Synperonic A14 (ICI) and *EthylanHB4, alcoholic ethoxy RATO, and phenol ethoxy RATO (* 
shows a trade name). 

[0088]Another arbitrary ingredient included in the plating bath of this invention is a grain- 
refining agent. A grain-refining agent improves the appearance of the plated surface of metal 
by making the smaller crystal of the metal which has the structure with which high density was 
filled up more and which is plated form. As a suitable example of a grain-refining agent, there 
are lower alcohol (for example, isopropanol), for example, the lower alcohol which has 1-6 
carbon atoms, and a polyethylene glycol (Carbowax* and Union Carbide), for example, PEG 
1450. A grain-refining agent may be included in a constituent in the quantity of 0.02-200g/l. a 
grain-refining agent is included more preferably - if it becomes, I will come out [ in / most 
preferably / 0.05-1 OOg/l. / the concentration of 0.1-10g/l. ]. what kind of non-aqueous solvent — 
a constituent ~ less than 50 weight % must exist in the amount of things preferably 10 of less 
than 30 weight % or a plating constituent, or less than 5weight %. 
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[0089]The inactive noninterferential nature ingredient of others, such as a defoaming agent (for 
example, A100 which Dow supplies) for a spraying cloth, and a color, may be included 
especially. 

[0090]The emainder of a constituent is water. Deionized water or other pure water from which 
the ion of coherence was removed is used for the plating constituent used for the method of 
this invention. 

[0091]ln order to form the plating constituent used for the method of this invention, The 
solution which contains a complexing agent as it was defined as deionized water and the 
above with other arbitrary ingredients by the case, and any buffers preferably is prepared first, 
and the salt of metal with the higher degree of electropositive is added to the ingredient of 
others which were formed in what carried out preliminary mixing as solution. Although it has 
become clear that it is the most convenient method of preparing a solution, this, It takes time 
comparatively that it is going to dissolve a metaled salt in a plating constituent directly, and that 
is because there is a tendency which is easier to produce the photoreaction which causes the 
precipitation as dark precipitation of the silver ion from a solution, when metal is silver. 
[0092]Probably as for pH of the constituent which is going to add a silver salt, pH 3-10 will be 
preferred, and it will be 4-8 most preferably. 

[0093]An ingredient is mixed until they will dissolve substantially. Use of the heat for the 
dissolution of silver is inconvenient from there being a tendency to make precipitation of dark 
silver form too. 

[0094]After contact with the solution and bare board containing an antitarnish agent dries a 
board. A washing latter-part story is made to exist between contact with a solution and a 
board, and desiccation preferably. 

[0095]By any means, although desiccation is good, it is using warm air, for example, generally, 
may pass the oven for desiccation for the processed metal. 

[0096]The surface the coat obtained using the method of this invention is more remarkable 
than what was obtained by the conventional HAL method, and homogeneous [ a coat ], and 
flat is formed, and a coat is more tolerant to soldering operation as compared with protection of 
the quality of organicity. The method of this invention is cheap and easier than use of the 
method of nickel/gold. 

[0097]ln a subsequent part attachment stage, parts are soldered to the pad and/or run through 
hole with which the bare board was plated. It may tend to mix the metal (generally copper) of a 
pad and/or a run through hole, the metal (it is usually silver) to plate and/, or each other's metal 
and solder to plate. The formed combination with parts has good electrical conductivity and 
good bonding strength. 

[0098]The finished board with which after part attachment covered the layer with which this 
invention was plated, and parts were attached is not afflicted by the problem of the reliability of 
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combination whose board formed using the stage of nickel/gold is so. 
[0099] 

[Working example] 

Working example 1 [0100]The constituent which mixed EDTA50g and 20.4 g of solid sodium 
hydroxide with sufficient water to dissolve them was prepared. Then, in addition to the reserve 
mixture which contains EDTA and a sodium hydroxide solution for the solution which contains 
the silver nitrate 1g in deionized water, deionized water was added and it was made 1 I. The 
double-sided circuit board of the copper which has various surface mounting feature objects 
and the run through hole with which various diameters were plated was coated with the silver 
solution using the following procedure. 

[0101]Gloss was chemically given to the board for 1 minute in H 2 C» 2 (35%), H 2 S0 4 (96%) of 

0.5 volume %, and 2.5% of solution of 1,4-butanediol of 20 volume %. Subsequently, pickling 
was carried out for 1 minute in 10%H 2 SC» 4 after that using washing by tap water. It rinsed to 

the board once again, it ranked second to it, and was immersed in silver plating liquid for 4 
minutes at 40 **. The board was rinsed and dried by warm air after taking out from a bath. The 
region of copper of a board was coated with the glossy flat silver sludge. 
[0102]Give the covered board to three paths which pass the reflow characteristic image of 
typical IR soldering paste (drawing 1 in which an example with a suitable temperature over the 
time about a reflow path is shown should be referred to), and it ranks second, Wave soldering 
was carried out using the no clean fusing agent which does not contain VOC (volatile organic 
compound) of Alpha Metals Limited called NR300. 100% of restoration by the solder of the 
plated run through hole was attained. 

[0103]After storing a board by 40 **/93% of RH (relative humidity) in a humid cabinet for 24 
hours, 3 times of IR reflow characteristic images were passed. These boards showed slight 
discoloration on the silver film. However, 100% of restoration of the hole was too attained 
between wave soldering of after that by the fusing agent of NR300. 
[0104] Working example 2 [0105]Silver plating liquid was prepared by forming the solution 
containing EDTA50g, NaOH20.4g, Ethylan HB4(Akros Chemicals)14g, and Crodamet02 
(CrodaChemicals)3g into 800 ml of deionized water. The AgNOglg solution in 100 ml of 
deionized water was added to this solution. By addition of rare NaOH/HNC» 3 , it adjusted to 6.8, 
and it ranked second and pH was 1 I. using deionized water. 

[0106]The copper double-sided bare board was coated with the above-mentioned solution 
using the procedure of a description in the working example 1 . After passing 3 times of IR 
reflow characteristic images, 100% of restoration with the solder of the run through hole plated 
on the occasion of wave soldering by the fusing agent of NR300 was attained. 
[0107]Before passing 3 times of IR reflow characteristic images, the board stored by 40 **/93% 
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of RH for 24 hours did not show the proof of discoloration at all, but was fully soldered on the 
occasion of a wave soldering examination, and 100% of restoration of the hole was made. 
[0108] Working example 3 [0109lThe copper double-sided bare board was coated using the 
bath constituent and procedure of a description in the working example 1 . After taking out and 
washing a board from silver plating liquid, it was immersed in the solution (pH 7) in Reomet42 
(Ciba-Geigy) 4 g of deionized water [ 1 I. of ] for 1 minute at the room temperature. 
Subsequently, the board was washed and dried by warm air with tap water. The glossy flat 
silver film was formed. 

[01 10]The painted board is stored by 40 **/93% of RH for 24 hours, it ranked second and the 
reflow characteristic image of three IR pastes was passed. The board was fully soldered, when 
proof of discoloration was not shown at all but wave soldering was carried out using the fusing 
agent of NR300. 

[01 1 1] Working example 4 [01 12]The strip-of-paper-like copper coupon (5 cm x 1 cm) was 
coated with the silver film in the working example 2 as the description. In addition, some 
samples were coated using immersion tin coating, the coating by Sn/Pb of 63/37, and the 
soldering fitness preservation coating by two kinds of competition substances based on the 
chemistry of substitution benzimidazole. The following coating procedure was applied to 
various samples. : [01 131 Immersion tin coating [01 14]The coupon was etched for 2 minutes in 
the solution of Na 2 S 2 0 8 (5%) and H 2 S0 4 (5%), and tap water washed it, subsequently it was 
washed for 1 minute by 10% of H 2 S0 4 , and, subsequently was washed by deionized water. A 
coupon in deionized water Subsequently, 33g/l. Sn(BF 4 ) 2 , 150g/l. of thiourea, a 20g/l. 

fluoroboric acid, and 5g/l. Synperonic NP9 were immersed in the immersion tinning liquid 
included from ICI for 1 minute at the room temperature. Subsequently, the coupon was 
washed and dried by warm air by deionized water. 

[01 15 ]Sn/Pb coating [01 16]etching a coupon in the solution containing Na 2 S 2 O g (5%) and 

H 2 S0 4 (5%) - tap water - subsequently ~ 1 0% of H 2 S0 4 - subsequently it washed by 

deionized water. The coupon was dried by warm air. Subsequently, a fusing agent called 

NR300 of Alpha was applied to each coupon. Subsequently, the coupon was coated by 

immersion for 3 seconds at 250 ** to melting solder at 63/37 of Sn/Pb. 

[0117] The azole 1 and azole 2 [01 1 8]The coupon was etched and washed to the passage 

about the sample of immersion tin. Subsequently, the coupon was immersed in the solution 

containing azole for 90 seconds at 40 **. After taking out from an azole content solution, the 

coupon was washed and dried by warm air by deionized water. 

[01 19]The coupon was given to various kinds of different pretreatments. 

[0120]A. Pretreatment is completely nothing. 

[0121]B. The reflow characteristic image by 3 times of soldering paste is passed. 
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of RH for 24 hours did not show the proof of discoloration at all, but was fully soldered on the 
occasion of a wave soldering examination, and 100% of restoration of the hole was made. 
[0108] Working example 3 [01091The copper double-sided bare board was coated using the 
bath constituent and procedure of a description in the working example 1 . After taking out and 
washing a board from silver plating liquid, it was immersed in the solution (pH 7) in Reomet42 
(Ciba-Geigy) 4 g of deionized water [ 1 I. of ] for 1 minute at the room temperature. 
Subsequently, the board was washed and dried by warm air with tap water. The glossy flat 
silver film was formed. 

[01 10]The painted board is stored by 40 *793% of RH for 24 hours, it ranked second and the 
reflow characteristic image of three IR pastes was passed. The board was fully soldered, when 
proof of discoloration was not shown at all but wave soldering was carried out using the fusing 
agent of NR300. 

[01 1 1] Working example 4 [01 12]The strip-of-paper-like copper coupon (5 cm x 1 cm) was 
coated with the silver film in the working example 2 as the description. In addition, some 
samples were coated using immersion tin coating, the coating by Sn/Pb of 63/37, and the 
soldering fitness preservation coating by two kinds of competition substances based on the 
chemistry of substitution benzimidazole. The following coating procedure was applied to 
various samples. : [01131 lmmersion tin coating [01 14]The coupon was etched for 2 minutes in 
the solution of Na 2 S 2 O g (5%) and H 2 S0 4 (5%), and tap water washed it, subsequently it was 
washed for 1 minute by 10% of H 2 S0 4 , and, subsequently was washed by deionized water. A 
coupon in deionized water Subsequently, 33g/l. Sn(BF 4 ) 2 , 150g/l. of thiourea, a 20g/l. 

fluoroboric acid, and 5g/l. Synperonic NP9 were immersed in the immersion tinning liquid 
included from ICI for 1 minute at the room temperature. Subsequently, the coupon was 
washed and dried by warm air by deionized water. 

[01 15 ]Sn/Pb coating [01 16]etching a coupon in the solution containing Na 2 S 2 O g (5%) and 

H 2 S0 4 (5%) - tap water - subsequently ~ 1 0% of H 2 S0 4 - subsequently it washed by 

deionized water. The coupon was dried by warm air. Subsequently, a fusing agent called 

NR300 of Alpha was applied to each coupon. Subsequently, the coupon was coated by 

immersion for 3 seconds at 250 ** to melting solder at 63/37 of Sn/Pb. 

[0117] The azole 1 and azole 2 [0118]The coupon was etched and washed to the passage 

about the sample of immersion tin. Subsequently, the coupon was immersed in the solution 

containing azole for 90 seconds at 40 **. After taking out from an azole content solution, the 

coupon was washed and dried by warm air by deionized water. 

[01 19]The coupon was given to various kinds of different pretreatments. 

[0120]A. Pretreatment is completely nothing. 

[0121]B. The reflow characteristic image by 3 times of soldering paste is passed. 
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[0129]The silver film prepared according to this invention has humid time shorter than the 
alternative plan of Sn and benzimidazole, and high wetting power, and after processing of 
humidity and heat holds these characteristics more easily as he can understand from the 
above. 

r01301 Working example 5 [0131]The bismuth oxide 3.9g, 183.1 g (as a 37% solution) of 
hydrogen chloride, The glycolic acid 490.5g (70% solution) and 265.4g (50% sodium hydroxide 
solution), preparing the substitution bismuth plating constituent containing 0.077 g of 
potassium iodide, Synperonic NP9(ICI)0.003g, and 4 g of 2p-chlorobenzylbenzimidazole - 
deionized water - in addition, 1 I. of product solutions were produced. Gloss was chemically 
given to the working example 1 as the description, and it ranked second to the bare board 
which has a copper pad and a copper run through hole, and was immersed in the plating bath 
for 2 minutes at 70 **. On the surface of copper, the coat of the bismuth which has the 
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thickness of 0.05 micrometer was formed. The examination of subsequent soldering fitness 
and color fastness carried out to the plated bare board showed the result good about soldering 
fitness and color fastness. 

[0132] Working example 6 [0133]Gloss etching of the copper double-sided bare board was 
carried out for 1 minute at the room temperature in HN0 3> 10% of H 2 S0 4 , 10% of H 3 P0 4 , and 
1% of solution of HCI of 50 volume %. Subsequently, tap water washed the board and it 
washed for 1 minute by 10% of H 2 S0 4 after that. After rinsing once again, the board was 

immersed in the silver plating bath given in the working example 2 for 4 minutes at 45 **. 
Subsequently, the board was rinsed and dried by warm air. 

[0134]The painted board was stored by 40 **/93% of RH for 24 hours, and the reflow 
characteristic image by IR paste was passed 3 times. The board was fully soldered, when 
proof of discoloration was not shown at all but wave soldering was carried out using NR300 
fusing agent. 

[01 35] Working example 7 [0136]The diethylenetriamine pentaacetic acid 64.8g, NaOH23.0g, 
Ethylan HB4(Akros Chemicals)14g that is a surface-active agent, The silver plating bath was 
prepared by forming the solution which contains 2.5 g of ethoxylation tertiary-amine 
compounds (Croda Chemicals) called Crodamet 02 in 800 ml of deionized water. The solution 
of the silver nitrate 1g in 100 ml of deionized water was added to this solution. Addition of a 
rare NaOH solution or nitric acid adjusted the pH of this solution to 6.9. Subsequently, capacity 
was 1 I. using deionized water. 

[0137]The copper double-sided bare board was coated using the above-mentioned solution 
using the procedure of a description in the working example 1 . After passing 3 times of IR 
reflow characteristic images, in the case of wave soldering of the painted board using NR300 
fusing agent of Alpha Metals. 100% of restoration of the plated run through hole was attained, 
and proof of discoloration was not shown at all, but it was fully soldered on the occasion of a 
wave examination, and 100% of restoration of the hole was performed. 
[01 38] Working example 8 [0139]The immersion silver plating liquid containing 98.2 g of 
deionized water, the nitric acid 1g, the silver nitrate 0.1g, Chemeen C2(antitarnish agent)0.3g, 
and Mazawet DF(solubilizing agent)0.4g was prepared. pH was adjusted to six using the 50% 
solution of ethylenediamine. This bath formed the adhesive silver sludge on the copper 
coupon, and showed good soldering fitness and moisture resistance. 
[0140] Working example 9 [01 41 ]2.1 weight % of a bismuth trioxide, 46.73weight % of chloride 
(22 degrees Baume), The bismuth plating liquid containing the distilled water of 2 or 1.2 weight 
% of Chemax ChemeenC of 49.5weight % of glycolic acid (70%), 0.07weight % of potassium 
chloride, and 0.1 weight % of polyethylene glycols [ 600 or 0.2 weight % of ] and 0.1 weight % of 
tartaric acid was prepared. Another solution from which Chemeen C2 was removed was 
prepared. The sample of copper coating printed circuit material was plated in each solution. 
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Subsequently, these plated samples were put on the moistness room of 60 ** and 95% relative 
humidity for 16 hours. 

[0142]What was prepared in the solution which inspects a sample after this exposure and does 
not contain Chemeen C2 was discolored violently. The sample prepared in the solution 
containing an antitarnish agent showed a good soldering possibility, when the good 
appearance by the minimum oxidation was had and examined. 



[Translation done.] 
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1. Title or Invention 

PRINTED CIRCUIT BOARD MANUFACTURE 

2. Clains 

1. A nothod for coating a ?CB comprising an insulating 
layer and a conducting layer, with metal pads and/or 
through-holes in which the pads and/or through-boles are 
5 provided vith an anti-tarnish coating, the method 
comprising contacting the pads and/or through-holes with a 
bright etch composition in a bright-etch step; and 
subsequently metal placing the etched pads and/or through- 
holes by contact with a plating composition comprising ions 
10 of a metal which is nore electropositive than the metal 
from which the pads and/or through-holes are formed and 
being substantially iree of reducing agent for said ions in 
an immersion metal plating step to form solderable plated 

is 2. & method according to claim 1 in which the plated 
metal surfaces are contacted with a solution of a tarnish 
inhibitor. 

3. A method for coating a PCB comprising an insulating 
layer and a conducting layer, with metal pads and/ or 

20 through-holes in which the pads and/or through-holes are 
provided with an anti-tarnish coating, the method 
comprising metal plating the etched pads and/or through- 
boles by contact vith a plating composition in a metal 
plating step to Corn solderable plated metal surfaces and 

25 contacting the plated netal surfaces with a solution of 
tarnish inhibitor. 

4. A method according to claim 3 in which the metal 
plating step is a method in which a metal which is more 
electropositive than the metal of the said pads and/or 

30 through-holes is immersion/displacement coated from an 
aqueous solution containing ions of the more 
electropositive metal and being substantially free of 
reducing agent Cor said ions. 
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5. A method according to any preceding data in which the 
35 plating composition contains a complexing agent for the 

said ions, preferably a auitidantate ligand completing 
agent. 

6. A method according to any of claims 2 to 4 in which 
the plating composition comprises a tarnish inhibitor and 
in the process, the metal surfaces are contacted with a 
solution comprising a tarnish inhibitor during the plating 

S step so that the tarnish inhibitor is present in the aatal 
plating caapositlon. 

7. A method according to any of claims 2 to 4 in which 
the metal plated surfaces are formed in ths plating step 
and subsequently the pro-formed plated aetal surfaces are 

lo contacted with a solution comprising a tarnish inhibitor in 
a post-rinse second step, 

8. A method according to any of claims 2 to 4, 6 or 7 in 
which the contact time of the plated metal, surfaces with 
the solution comprising a tarnish inhibitor is fro* 10 

is seconds to 3 minutes. 

9. A method according to any of claims 2 to 4 and 6 to 8 
in which the metal surfaces ere contacted with a solution 
comprising a tarnish inhibitor by dip coating or spray 

20 10. A method according to any of claims 2 to 4 end 6 to 9 
in which the tarnish inhibitor is present in the solution 
in an amount of from o.ooi to 5% by weight of the solution. 

11. A method according to any preceding claim, in which the 
aetal coating of the plated metal surfaces comprise nickel, 

25 silver, tin. lead, palladium, cobalt, gold, platinum or 
bismuth or their alloys, preferably silver. 

12. A method according to any preceding claim in which the 
pads or through holes are formed of copper. 

13. A method according to any preceding claim including a 
30 preliminary step of applying to exposed conductor traces at 

the surface at the PCB e mask which is en insulator, such 
that the pads and/ or through-boles are left exposed. 

14. A method according to any preceding claim including a 
subsequent step of attaching conducting components to the 

35 metal plated pads and/or through-holes using solder in 
direct contact with the aetal plating. 
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15. An aqueous plating composition suitable for Corning an 
immersion plating of a relatively more electropositive 
natal on a relatively less electropositive metal substrate 
containing Una of the sore electropositive metal and a 
comnlaxlng agent for the ians and a tarnish inhibitor for 
the more electropositive metal and being substantially free 
of reducing agent for aald ions. 

16. A composition according to claim IS in which the 
tarnish inhibitor is present in the solution in an amount 
of from 0.001 to 5* by vaight of the composition. 

17. A composition according to claim IS or is in which the 



cobalt, gold, platinum or bismuth or their alloys, 
preferably silver. 
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3. Detailed Description of Invention 

Xn the production of a printed circuit board (PCB) , in 
5 a first (multi-step) stage a "bare board" is prepared and 
in a second (nulti-step) stage, various components are 
mounted on the board. The present invention relates to the 
final steps in the manufacture of the bare board, in which 
the bare board la coated with a protective layer prior to 

10 passing to the second production stage. 

There are currently two types of components for 
attachment to the bare boards in the second stage: leggad 
components eg resistors, transistors etc and, more 
recently, surface mount devices. Legged components are 

IS attached to the board by passing each of the legs through 
a hole in the board and subsequently ensuring that the hole 
around the leg is filled with solder. Surface mount 
devices are attached to the surface of the board by 
soldering with a flat contact area or by adhesion using an 

20 adhesive. 

Zn the first stage, a board comprising an insulating 
layer, a conducting circuit pattern and conductive pads 
and/or through-holes is produced. The board may be a 
multi-layer board having more than one conducting circuit 

25 pattern positioned between insulating layers or may 
comprise one insulating layer and one conducting circuit 
pattern. 

The through-holes may be plated through so that they 
ere electrically conducting and the pads which form the 

30 areas bo which the surface-mount components will be 
attached in the subsequent component-attachment stage, are 
also electrically conducting. 

The conductive areas at the circuit pattern, pads and 
through-holes may be formed from any conductive material or 

35 mixtures of different conductive materials. They are 
generally however, formed from copper. Since over time, 
copper tends to oxidise to form a copper oxide layer with 
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poor severability, prior to pasaing to the second, 
component-attachment stage, a protective layer in coated 
over the pads and/or through-hole areas where It Is desired 
to retain solderability to prevent Carnation of a poorly 
5 solderable surface layer of copper oxida. 

Whilst there is more than one way Cor preparing the 
bare hoards, one of the moot widely used processes Cox 
asking the bare boards is known as the "solder mask over 
bare copper* (SKOBC) technique. Such a board generally 

10 comprises an epoxy-bonded fibre glass layer clad on one ox 
both sides with conductive material, Generally, the board 
will be » multi-layer board having alternate conductive 
layers which comprise circuit pattern, and insulating 
layers. The conductive material is generally metal Coll 

15 and most usually copper foil. In the SKOBC technique, such 
a board is obtained and holes are drilled into the board 
material uoing a template or automated drilling machine. 
The holes are then "plated through* using an electroless 
copper plating process which deposits a copper layer on the 

20 entirety of the board: both on the upper foil surfaces and • 
on the through-hale surfaces. 

The board material is then coated with a light 
sensitive film (photo-resist) , exposed to light in pre- 
selected areas and chemically developed to remove the 

25 unexposed areas revealing the conductive areas which are 
the plated through-holes and pads. Generally, in the next 
atep, the thickness of the metal foil in tha exposed areas 
is built up by e further copper electroplating step, a 
protective layer of an etch resist, which is usually a tin- 

30 lead alloy electroplate composition is applied over the 
exposed and thickened copper areas. 

The photo-resist is than removed exposing the copper 
for removal and the exposed copper surface is etched away 
using a copper etching composition to leave the copper in 

35 the circuit pattern finally required. 

In the next step, the tin-lead alloy resist is 
stripped away. 
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Since components win not be attached to the copper 
circuit traces, it is genorally only necessary to coat tha 
solder for attaching tha oonponanta over tha through-hole 
and pad areas but not the traces. Solder mask Is therefore 
5 applied to the board to protect the areas where the solder 
coating is not required, for example using a screen 
printing process or photo-Imaging technique followed by 
development and, optionally curing. The exposed copper at 
tha holes and pads is then cleaned and prepared for solder 

10 coating and the protective solder-coating subsequently 
applied, for exaeple by immersion in a solder both, 
followed by hot air levelling (HAL) to fora a protective 
solder coating on the areas of copper not coated with 
solder mask- The solder does not vet the solder mask ao 

15 that no coating is Corned on top of tha solder-mask 
protected areas. 

At this stage, the board comprises at least one 
insulating layer and at least one conductive layer. The 
conductive layer or layers conprise a circuit trace. The 

20 board also comprises a pad or pads and/or through-hole (s) 
protected free tarnishing by layer of solder. A single 
conductive layer nay conprise either- a circuit trace or 
pad(s), or both. Any pads will be part of a conductive 
layer which is an outerlayer Of a multi-layer board. The 

25 circuit traces on the board are coated with solder mask. 

such a board is ready to proceed to the second stage 
for attachment of the components. In this second stage, 
generally attachment of the components is achieved using 
solder: firstly a layer oi solder paste (comprising solder 

30 and flux) ia applied onto the boards, generally by printing 
and the components are positioned on the printed boards. 
The board is then heated in an oven to produce fusion of 
the solder in the solder paste, which forms a contact 
between the components and the board. this process is 

35 known as reflow soldering. Alternatively a wave soldering 
process is used in which the board is passed over a bath of 
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molten solder. In either case Additional solder is used 
over and above any protective solder coating. 

The additional applications or attaching both legged 
components and th« surface mount devices and the special 
5 requirements for mounting cany snail closely spaced 
components have resulted in increased demands on Che 
surface protection coating for the conductive metal to 
which the components will be attached, on the PCB's. It is 
essential that the finish applied by the bare board 

10 manufacturer does not leave a pad vith an uneven surface as 
this increases the risk of electrical failure. It is also 
essential that the protective coating does not interfere in 
the subsequent solder step, thereby preventing formation of 
a ■ good, conducting bond between the bare board and 

15 components. An extra step in which the protective coating 
is removed would be undesirable. 

As explained above, the conductive metal surfaces are 
generally formed of copper and the protective surface must 
be applied at the end of the first stage to prevent the 

20 formation of non-solder able copper oxide on the copper 
surfaces prior to the component attachment. This ie 
particularly important because generally speaking, the 
first stage and the second, component-attachment stage vlll 
be carried out on completely different sites. There may 

25 therefore he a considerable time delay between formation of 
conducting pads and/or through hales end the component 
. attachment stage, during which time oxidation may occur. 
Therefore, a protective coating is required which Will 
retain the soldarability of conducting material and enable 

30 e soldered joint to be made when the components are 
attached to the bare boards. 

The most common protection coating presently used is 
tin/lead solder, generally applied using the "HAL" <Hot air 
levelling) process, an example of which is described in 

39 detail above. 

HAL processes are United because it is difficult to 
apply the solder evenly and the thickness distribution 
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Several replaeanant treatments for the HAL coating of 
a solder layer are being introduced. The coatings must 
enable formation of a reliable electrical contact with the 
component. They should also be able 
nultiple-solderlng steps, 
there are now both legged i 

attach rent to the hare boards and these will 5 
attached in at least two soldering operations. Therefore, 
the protective coatings nuat also be able to withstand et 
least two soldering operations, so that the areas to be 
soldered in a second operation rcnain protected during the 
first operation. 

Alternatives to the tin; lead alloy solder used in the 
HAL process which have been proposed include organic 
protection, insertion tin or tin/ lead plating and 
nicfcel/gold plating. In the nickel/gold process 
eleetrolesa plating of the copper surfaces is carried out 
in Which a priner layer of nickel is applied onto the 
copper followed by e Layer of gold. 



addition, the use of gold results in an expensive process. 

Organic protection for the copper pads during storage 
and asseably prior to soldering bare also been effected 
using flux lacquer. Its use is generally confined to 
aingle-oided boards (ie. boards which have conductive pads 
on only one side). The coating is generally applied by 
dip, spray or roller coating. Unfortunately, it is 
difficult to provide a consistent coating to the board 
surfaces so United life expectancy, due to the porosity of 
the coating end to its inconsistent coating thictaess, 
results. Flux lacquers have also been found to have a 
relatively short shelf life, a further problen is that in 
the component -attaennent stage, if reflow soldering is to 
be used to attach the components, the components are held 
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in place on the underside of the boards with adhesive. I n 
cases where the flu* lacquer is tftick, tiie adhesive does 
not bowl the component directly to the printed board, but 
instead forms a bond between the adhesive and the lacquer 
S coating. The strength of this bond can drop during the 
fluxing and soldering step causing conponents to be lost 
during contact with the solder baths. 

one other alternative currently being used is 
passivation/protection tzeataent based upon the use of 

10 imidazoles or triaioles in Which copper-complex compounds 
are formed on the copper surface. Thus, these coatings 
chemically bond to the surface and prevent the reaction 
between copper end oxygen. However this process is 
disadvantageous because it tends to be inadequate for 

IS withstanding successive soldering steps so that the high 
temperatures reached in a first soldering step tend to 
destroy the layer which cannot withstand e subsequent 
soldering operation needed to mount further conponents. 
One example of such a process is given in EP-A-042S3S3, 

20 where a process is desaribed for the surface treatment of 
copper or copper alloys coaprlsing immersing the surface of 
copper or copper alloy in an aqueous solution containing a 
ben« imidazole compound having an aUcyl group of at least 3 
carbon atona at the j -posit ion, and an organic acid. 

23 Processes are also known which provide coatings using 

compositions Which comprise silver. 

The three common completing systems for electroless 
silver plating processes are either ammonia- based, 
thiosulphate-based or cyanide-based.. 

30 The ammonia systems are disadvantageous because the 

ammonU-containing silver solutions ere unstable and 
explosive asides may tend to form. Thiosulpbate systems 
are disadvantageous for use in the electronics industry 
because sulphur compounds in the silver coatings farmed 

35 result in poor solderabtlity so that in the subsequent 
component-attachment step, e poor electrical contact may be 
formed between the bare board and the component. 
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The cyanide-baaed »y»t«n» are disadvantageous due bo 
the toxicity or the plating solutions. 

In DS-&-S31B621 an electroless plating solution 
containing amino acids as rata enhancers for depositing; 
5 silver or gold onto a nickel coating overlying copper on a 
circuit board is disclosed. It is described that neither 
gold nor silver electroleas plating bates based on 
thiosulphate/ sulphate will plate directly onto copper 
because the copper rapidly dissolves without allowing a 

10 silver or gold coating to ton. In the introduction of 
this reference. "Metal Finishing Guidebook 4 Directory" 
(1993 edition) is discussed. silver plating solutions 
comprising silver nitrate, ammonia and a reducing agent 
such as fornaldehyde are Mentioned. 

15 0S-a-*»637«S also discloses electroless silver 

plating, using a cyaftlds-based plating solution. In Metal 
Finishing (1983) 81(1], pp 27-30 Bussev describe immersion 
silvering of copper powder from a plating solution 
containing silver nitrate and a nitrogen conplexing agent. 

30 In Vtttal Finishing (i960) August, p S3 Geld describes a 
silver coating process involving an initial bright dip or 
the brass or copper substrate, followed by a silver plating 
step in which a thick coating oc silver Is plated iron a 
solution of silver nitrate and potassium iodide. The 

35 process is for plating of electrical contacts to increase 
conductivity. 

in JP-A-04-110474 a base material is plated with 
silver, dried and subsequently treated with a aarcaptan 
compound to prevent tarnish. 

30 In DE-C-4316679 base a* tali such as copper are coated 

with palladium in a tvo-step process including a first-step 
in which the surface is contacted vita a bath containing a 
palladium salt and an oxidising agent, and in the second 
step with a bath containing s palladium salt, a completing 

35 agent and formic acid or formic acid derivative. The 
latter bath may also contain stabilisers for the bath 
itself, which stabilise the bath against decomposition or 
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"plating-out". It ia suggested that the capper substrate 
should previously be etched using a non-bright etch bath 
including persulphate. However such pretreatnent steps 
tend to produce relatively porous coatings. The inventors 
5 ninlaise the porosity or the coating by using the two-step 
process in the first of which a very thin coating is 
foraed. This reference warns against using silver as 
corrosion protection due to aigration. 

The present invention relates to e displacement 

10 inaersion matal-plating in which a aore electropositive 
metal displaces a less electropositive metal at the surface 
to be coated. Ions of the more electropositive metal 
oxidise the substrate natal. a displacement plating 
process differs from an electroless process because the 

15 silver coating f ores on the surface of a netal by a simple 
displacement reaction due to the relative electrode 
potentials of the oxidiaable metal of the surface to be 
protected and of the silver ions respectively. 

It is reported in for example "Modern Electroplating" 

20 by P.*. Lovenhaia, published by 3 Wiley a Sons (1963) that 
silver will plate by displacement on most base metals but 
that immersion plated silver is poorly adherent. F.A. 
Lowenheim suggests that when electroplating base metals 
with silver, it is necessary to deposit first a thin t ila 

35 of silver on the work piece from a high-cyanide striXe bath 
to ensure good adhesion of the subsequent electroplated 
silver layer. 

The present invention alas to provide an alternative 
to tha solder protection coating for the copper or other 
30 conducting surfaces of bare boards which require protection 
from -tarnishing between bare board manufacture and the 

In accordance with the present invention there is 
provided a method for coating a PC» comprising en 
35 insulating layer and a conducting layer, with metal pads 
and/or threugh-noles in which the pads and/or through-holes 
are provided with an anti-tarnish coating, the process 
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comprising contacting the pads and/or through holes with a 
bright-etch couposltion in a bright-etch stop; and 
subsequently immersion plating the etched pads and/or 
through holes in a metal-plating step to forn solderabla 
5 plated metal surfaces. 

The insulating layer and conducting layer of the PCS 
vill he as described above. They nay comprise the 
insulating layer and conducting circuit pattern of any 
conventional PCS, respectively. The pads and/ox through 
10 holes for plating are those areaa of the PCB for which 
soldexability oust be maintained for attachment of 
components in the subsequent soldering steps for component- 
attachment. 

The bright-etch seep conprisas contacting -the pads 

15 and/or through-holes with a bright etch composition. Such 
compositions are already known in the Industry for other 
applications and they produce a bright smooth cleaned 
surface on the conducting metal from which the pads and/or 
through-holes are forned. in contrast, non-bright eten 

20 compositions, such as those which are baaed on persulphate 
provide mlcroroughened, cleaned surfaces. The use of the 
bright etch step allows the formation of a dense, non- 
porous metal coating, which is particularly suitable for a 
subsequent soldering step. 

25 Suitable bright-etch compositions are generally 

aqueous and may be based for example on one or mixtures of 
more than one of hydrogen peroxide, sulphuric acid, nitric 
acid, phosphoric aeid or hydrochloric aeid. The bright 
etch compositions generally include at least one component 

30 which will tend to modify the dissolution of copper in 
bright-etch compositions. 

Particularly preferred bright etch compositions where 
the metal surface of the pads and/or through-holes 
comprises copper or a copper alloy axe, for example as 

35 described in JP «2-18S7<S A2 (comprising 5.1-10.2 moles/ t 
nitric acid, 4.6-S.2 moles/t sulphuric acid, 0.01 moles/t 
zinc nitrate and 0.4 moles/t copper nitrate in aqueous 
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solution) ; JP 60-190582 (comprising for example 30-50% by 
weight sulphuric add (96*), 10-35* by weight nitric acid 
(67. St), 0.5-1* by veight hydrochloric acid (35*) and 0.5- 
1* by weight nonionic surfactant]; US-A-366B131 
3 (comprising hydrogen peroxide, sulphuric aeid and urea 
additives); Metal Finishing (Feb 1986), 84, (2), 67-70 
(comprising sodlua diehreaate, sulphuric acid, hydrochloric 
acid, sodium dlethyldithle carbonate); Trana Inst. Metal 
Finishing (Sumner 1483), 61. (2), 46-49 (acidified hydrogen 

10 peroxide comprising hydrogen peroxide, sulphuric acid and 
stabiliser); oberrilehe Surf, (Aug 1979) 20, (8), 178-179 
(comprising nitric acid and dodecyl pyridinium . chloride) ; 
TJS-A-4510018 (conprising sulphuric acid, hydrogen peroxide, 
fatty acid anine and ammonium conpound) f US-A-4459216 

IS (conprising 5-l0Og/t hydrogen peroxide and 100-300 g/e 
sulphuric acid and aromatic stabiliser); JP 84-038308 
(conprialng o.is-o.i nalea ft hydrochloric acid; 0.2-0.4 
moles/ t phosphoric acid and 0.02-0.1 moles/l sulphuric 
add) . Where the conducting material of the pads and/or 

20 through-holes comprises stainless steel, particularly 
preferred bright-etch coapositions nay be as described for 
example in HO 93-08317; JP 62-238379 A2; DS 1928307; or 
Tr. Cos. Nauchno-Xssled. Proektn. Inst. Osnovn. Khin 
(1974), 36, 93-97. where the conducting material is 

25 aluminium, a suitable bright-etch is as described in Met. 
Finishing (July 1986) 84, (7), 55-59. 

Thus any Men composition which provide* a bright, 
cleaned surface may be used. In the bright-etch stop, 
contact With the bright-etch composition may be by 

30 immersion, a pray or any other coating technique, such as is 
described in any of the references above, for sufficient 
time and at a suitable temperature to enable a bright 
surface to form an the conducting material of the pads 
and/or through-holes. Generally the temperature for 

35 contact with the bright-etch composition will be ambient 
and the contact time will be from 5 seconds to 10 minutes. 
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profitably at least 30 seconds, or even at least 2 minutes , 
ana preferaDly Cor no greater than S minutes. 

Generally after the atoning step, there will be a 
post-rinse step comprising rinsing with doionlaed water and 
S generally without drying, the bare boards then proceed 
directly to the plating step. Alternatively, an acid rinse 
step nay be Included, after the aqueous rinse. 

The plating step is an immersion (or displacement) 
plating step. 

10 in an immersion plating step, the plating composition 

coaprises metal ions of a natal which is more 
electropositive than the conducting material. The choice 
of octal ions In the immersion plating solution, therefore 
depends on the metal to be plated. Since the pads or 

15 through -holes generally comprise copper or nickel, suitable 
examples of plating metals include bismuth, tin, palladium, 
silver and gold; silver and bismuth ions are particularly 
preferred. 

A particularly preferred immersion silvar plating 
20 method is described in our copending British application 
filed today under the reference number 64/2031/00. 

As sources of plating metal ions, any water soluble 
metal salt may be used, for example nitrates, acetates, 
sulphates, lactates or formates. Preferably silvar nitrate 
25 is used. 

The metal plating ions axe generally in the plating 
composition at a concentration of from 0.06 to 32 g/1 
(based on metal ions) , preferably from 0.1 to 25 g/1, most 
preferably from 0.5 to IS g/1. 

30 Contact of the metal surface with the plating solution 

will generally be at temperatures ot from 10 TO »0"C, 
preferably 15 to 7S«C, more preferably 20 to 60»C. for 
example, the temperature of contact with the plating 
solution will be from 15 to 50*C, most usually from 20 to 

IS 40'C. 

contact can be by any method, usually dip, spray or 
horizontal iamaraion coating. Spray coating is preferred. 
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such contact may be part of a substantially continuous 
coating process. 

The contact tin* of the plating solution with the 
natal surface is sufficient to form plated metal surfaces 
5 over the aetal. Generally the contact Um will be from 10 
seconds to 10 minutes, A contact time of less than ic 
seconds has generally being found -to give insufficient 
coverage Kith silver coating and although the contact time 
nay be longer than 10 minutes, no additional benefit has 

10 been found from a contact time of longer than 10 minutes. 

The preferred plating process is an immersion 
displacement process and not a true electraless plating 
process. in the preferred plating compositions of the 
present Invention, metal atoms on the surface of the metal 

15 are oxidised by the metal plating ions in the solution, so 
that a layer of plated metal deposits on the pads and/or 
through holes. The process is self-llaltlng because when 
plated aetal covets all of the surface sites of metal 
oxidisablo by the plating metal no further reaction and 

20 therefore no further deposition occurs. 

in a second aspect of the invention there Is provided 
for coating a PCB comprising an insulating layer and a 
conducting layer, with metal pads and/or through-holes In 
which the pads and/or through-holes are provided with an 

23 anti-tarnish coating, the method comprising natal plating 
the etched pads and/or through-holes by contact with a 
plating composition in a metal plating stop to form 
solderable pleted metal surfaces and contacting the plated 
metal surfaces with a solution of a tarnish inhibitor. 

30 In this aspect of Che Invention, preferably, prior to 

contacting the metal surface with the plating composition 
in the plating step, the metal surface is cleaned. 
Cleaning may be using an acidic cleaning composition, such 
as any cleaning composition known in the art. Examples are 

35 capper conditioner PC 1144 supplied by Alpha Metals 
limited, where there is a cleaning step using an acidic 
cleaning solution, generally there will be e rinsing step 
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prior to contacting the natal surface with the plating 
solution. Preferably any pre-cleaning will include a 
bright -etch step. 

In both aspects of the invention tne tarnish inhibitor 
5 nay be present in the plating solution itself so that the 
plating solution comprises the solution comprising tarnish 
inhibitor. Thus, in a preferred nethod of the invention, 
the plated metal surfaces are contacted vlth a solution 
comprising a tarnish inhibitor during the plating step 
10 (i.e. contact may be during formation of the plated petal 
surfaces) . 

Alternatively, the ratal surfaces are formed in the 
plating step and subsequently the Corned metal surfaces are 
contacted with a solution comprising a tarnish inhibitor in 

IS a further step, the solution is preferably aqueous, being 
made up from delonised or otherwise purified voter. The 
composition comprising tarnish inhibitor may additionally 
comprise eolubilieera, for example non-aqueous solvents, 
surfactants and/or pH buffers. 

20 Contact of the composition comprising tarnish 

inhibitor with the plated metal eurfacea will be fox at 
least 5 seconds, preferably for at least 20 seconds. Where 
the tarnish inhibitor is present in the plating solution, 
the tine of contact is generally determined by the duration 

25 of the plating step. Generally, the contact time will be 
from 1 to 5 minutes. The temperature of contact is most 
usually from 10 to »o«C, preferably IS to 7S«c, more 
preferably 20 to 60*C. for example the temperature of 
eentact with the plating solution may be from 19 to 30-C, 

30 most usually from 20 to 40'C. Contact may be any 
conventional means, for example by flip, spray or horizontal 
immersion coating. 

The most appropriate pK depends to some extant on the 
particular tarnish inhibitor used but primarily on the 

35 metal ions present in a plating bath which contains the 
tarnish inhibitor. Hhere the tarnish inhibitor is 
contacted in a separate step with the pletsd metal surface. 
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the pa should 1m appropriate for the tarnish inhibitor and 
selected so taint it does not ettaclt the plating. Wh«re the 
solution is a silver plating composition • convenient p« is 
in the range 3 to 10. Where the solution is a bismuth 
S plating bath the pH say be 1 or lower. 

The solution co uprising the tarnish inhibitor may be 
* final rinse solution, applied to the boards prior to 
drying of the boards. Th« board aay undergo subsequent 
treatment steps after contact with the coaposition 

10 comprising tarnish inhibitor. However, generally, after 
contact with the solution, comprising a tamlab inhibitor 
and drying, they are at the end of the first bare board 
manufacturing stage, and are ready for the second 
eoaponent-attachnenc stage. Optionally, for example, there 

IS may be a delonlsed water rinse step, prior to drying. 

The concentration of tarnish inhibitor in the solution 
eenprising tarnish inhibitor, will generally be fron o.oaol 
to 5* by weight, i.e. a. 001 to 50g/l. Preferably, the 
amount of tarnish inhibitor will be from 0.005 to 3% by 

20 weight, and aost preferably from 0.01 to 2% by weight, or 
even below It by weight. 

The method of the second aspect of the invention nay 
surprisingly also be used on precious metals such as gold, 
platinum or ruthenlun where it will improve solderability. 

35 In the second aspect of the invention the metal 

plating step is preferably an iaaaralon/ displacement 
plating ox electrolsss plating step. It consists or a 
single step using a single plating composition. Most 
prererably the plating step will be an 

30 isaerslon/displaceaent plating step comprising contacting 
the metal of the pads and/or through-holes with an 
immersion plating coaposition. 

Where the plating is other than by the preferred 
immersion/displacement process, for exanple if it is by 

35 electro less plating the plating coaposition may comprise 
alternative plating metal ions, such as nickel. 
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The use of tarnish Inhibitor in' the invention Has bean 
found to provide metal coatings which have good tarnish- 
reeistance (resistance to huaidity and oxidation) even when 
stored at 40'C and 93% RH for 96 hours or at l50*c for 2 
5 boars. the porosity inherent in immersion coatings is 
reduced by the provision of a level surface us in? Che 
bright-etch step so that the antl-tamiah properties are 
considerably in proved, even at tht high temperatures 
reached in retlow soldering processes. Concern over the 
10 use of silver plating- as described for example in DS-c- 
4316679 due to migration of silver ions is overcome as it 
has been found that the present invention substantially 
prevents silver migration by providing a barrier to 
moisture. 

IS In both the above aspects of the invention, an 

immersion plating coapositlon preferably contains a 
complexing agent for the ions of the nore electropositive 
natal. 

In a further aspect of the present invention there is 
20 provided a dlsplacanent metal plating process in which a 
relatively less electropositive base netal is plated with 
e relatively nore electropositive coating netal by contact 
with an aqueous plating composition containing ions of the 
nore electropositive aetal, a caaplexing agent for such 
25 ions and a tarnish inhibitor for the nore electropositive 
natal so as to form a coating of the nore electropositive 
aetal. 

In this aspect of the invention there is also provided 
a new plating composition containing ions of a metal which 

30 can be displacement plated, a complexing agent for the 
ions, preferably present in higher than equiaolar amounts 
as compared to the netal ion, and containing a tarnish 
inhibitor for the said metal, and being substantially free 
of reducing agent capable of reducing the ions to the 

35 metal. 

This aspect of the invention has been found to be 
particularly useful for silver or bismuth plating. 
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rharefors preferably, the plating composition described 
contains silver or bismuth ions. 

The plating composition used in this aspect of the 
invention may be » immersion plating composition based on 
5 any plating composition used in the PCS industry. 

In this embodiment of the invention, preferably, prior 
to contacting the metal surface with the plating 
composition in the plating step, the metal surface is 
cleaned. Cleaning nay be using an acidic cleaning 
10 composition, such as any cleaning composition known in the 
art. Examples are copper conditioner PC 114* supplied by 
Alpha Metals Limited. 

Where there is a cleaning step using en acidic 
cleaning solution, generally there will be a rinsing step 
15 prior to contacting the metal surface with the plating 
solution. 

Preferably eny pre-cleaning will include a bright-etch 

step. 

Hhere the plating composition comprises a completing 
20 agent it ie preferably present in an amount of from 0.1 to 
250 g/1, preferably from 2 to 300 g/1 and most preferably 
from 10 to 100 g/1, especially around so g/1. The 
complexing agent may be any complexing agent tor the 
plating metal ions vhieh does not form a water insoluble 
25 precipitate under the aqueous and pH conditions of the 
composition. Mixtures of complexing agents may also be 
used. It is desirable to use complexing agents which are 
bi-d«ntate or higher dentate llgands Since the stability 
constants of such complexes are higher than mono-dentate 
30 Uganda. 

Examples of suitable complexing agents have oxygen- 
containing llgands, for instance amino acids and their 
salts, preferably having at least 2 and up to 10 carbon 
atoms, polycarboxylic acids, usually amino acetic acids, 
35 ouch as nitrilo-triacotle eeid or. usually, elxylene 
polyaaine polyacetic acids including ethylene diamine 
tetracetic acid (EOTa] diathyiene triaoine pentaacetlc 
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acid, R-hydroxystnyl ethyl ens diamine triaeatie acid, 1,3- 
diamino-2-propanol-H,N,K, 'H, ' -tetra-acetic acid, 
bisaydroxyphenylethylene diamine diacetic acid, diamine 
cyclohezana tetraacetic add or ethylene glycol-bis-[(8- 
5 aainoethylechex)-N,N' -tetraacetic ncidj and H.lt.H'.H'- 
tetraxia- (2 -hyd r oxy pi upy l) ethylene diamine, citrates 
and/or tartrates, B , N-di- (hydroxy ethyl ) glycine, gluconates, 
lactates. Citrates, tartrate., crown others and/or 

10 Particularly preferred completing agents for Silver 

are EOT A , DTPA and H.K.H' ,H'-tetraxis-(2- 
bydroxypropyl) ethylene diamine. The eonplexing agent should 
torn a soluble complex with plating metal ions in aqueous 
solution under the pit conditions of the plating solution. 

IS A suitable couriering agent for bismuth Is chloride, 

and it is generally unnecessary to use a aultldentate {le 
bi- or higher-dentate) ligand couriering agent for bismuth. 

The eonplexing agent ia preferably used either in 
stoichiometric equivalent amounts or in a stoichiometric 

30 excess so that all the plating metal ions say be complexed. 
By stoichiometric we man equinolar. Preferably the 
eonplexing agent is present in a higher solar concentration 
-than the silver ions, the nolar ratio preferably being (at 
least 1.2) tl, more preferably (at least 2.0) :1, aore 

25 preferably (at least 3):1. 

Suitable tarnish Inhibitors for use in all aspects of 
the present invention include for exaapls: 

(a) fatty acid amines, preferably having at least 6 
carbon atoms, most preferably at least 10 carbon atoms and 

30 generally no greater than 30 carbon a tons, they may be 
primary, secondary, tertiary, diamines, amine salts, 
asides, ethoxylated seines, ethoxylated diamines, 
quaternary esnonian salts, quaternary diamaonium salts, 
ethoxylated quaternary ammonium salts, ethoxylated amides 

3S and amine oxides, exaapiee of the primacy, secondary and 
tertiary amine-type corrosion inhibitors are ARMEEH*" (*" 
denotes trademark) . Examples of the subsequent amine-typo 
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corrosion Inhibitors are respectively DUOMEEN 5 *, 
AM»c"/DOO*AC, AWIIO" EnKMEBr*, ETOODCKWJUW'", AXQUM* 
DWJQBMJ 0 ", OTHOQUAD". BTHOHId'", JMIBl", all supplied by 
Mcro Cheaie- 
5 (b) Purines and substituted purines. 

(e) H-acyl derivatives of sarcosine, such as the 
SASXOSn. rings of products supplied by Ciba-Ceigy. 

(dj organic polycarboxylle acids such m Xeocor 190 
supplied by Ciba-Ceigy. 
10 (e) substituted laidaaotina in which aubatituente ara 

for example hydroxy 1 c w alkyl amino or earbonyl-containing 
groups, maples include AMI ME 0. produced by Ciba-Ceigy, 
especially in combination with a K-acyl aarcoslne of 
category <c) 

15 (f) alkyl or alkyl benzyl imidazoles, eg undecyl 

imidazole In which the alkyl group has up to 22 carbon 
atoms, preferably no greater than 11 carbon atoms and in 
which the alkyl or benzyl groups ere optionally 
substituted. 

20 (g) benr imidazoles, aspacially elkylaryl 

benzlaldazoles in which tha alkyl group has up to 22 carbon 
atoms, preferably no greater than 10 carbon atoms and in 
which the alkyl or benzyl groups ara optionally 
substituted, for example 2- (p-chlorobenxyl) benzlaiflaZole 

2S which is particularly preferred. 

<h) Phosphate «(ki such as EMCOL PS-413, supplied by 
Sitco. 

. {i) Optionally substituted triaaole derivatives such 
as RBOKET 42, supplied by Ciba-seigy. Examples are benso 
30 triesole, tolyl triazole and alkyl substituted triaaole 
derivatives having a carbon number on the alkyl group of 
from 1 to 22, preferably from i to 10. 

tj) substituted tetrazoles, such as 
. 5 13 (trif luoromethyl phenyl)) tetrazole, is also a prof erred 
35 example. 

The choice of tarnish inhibitor will depend to some 
extent upon the setal of the plated natal surfaces, but 
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this will be clear to a parson skilled in the art. For 
example, if the tarnish inhibitor la to b. incorporated 
into a gold plating hath, the tarnish inhibitor nay be a 
chloride salt, however . in contrast, using a silver plating 
S bath, chloride salts say not be used as thay will result in 
formation of an insoluble silver chloride precipitate. 

Use tarnish inhibitor is preferably water soluble so 
that the solution is an aqueous solution. Hovevar, water 
immiscible tarnish inhibitors say be used although it may 
10 be necessary to include a surfactant/cosolvent in the 
solution. 

«iis Invention has been found to provide considerable 
advantages in preventing tarnishing and conferring humidity 
resistance on the bare boards produced so that additional 

15 protection is provided between the bare board manufacture 
stage and the component-attachment stage. Solderability is 
found to be enhanced. 

A suitable pit for a silver plating composition nay be 
from a to 12, but is preferably from « to 10. Thus, the 

20 composition nay be acidic, op to pH 7. Alternatively, the 
composition may be alkaline, and have a pH of greater than 
7. or even greater than 7.5. h bismuth plating solution 
usually has a lov pK of 1 or less. 

A buffering agent may be Included in the plating 

as composition to ensure that the pH of the composition is 
within the desired range. as the buffering agent, any 
compatible acid or base may be included. A compatible acid 
or base is en acid or basa which in the amounts required in 
the composition does not result in the precipitation out of 

30 solution of the silver ions and/or eomplexing agent. For 
example hydrogen chloride is unsuitable for a silver 
plating composition as it focus an insoluble silver 
chloride precipitate. Suitable examples include sodium or 
potassium hydroxide or a carbonate salt, or where acids are 

35 required, suitable acids may include citric acid, nitric 
acid or acetic acid. Borates phthaletes, acetates, 
pbosphonates may be used but the buffer should not result 
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in precipitation of the octal salts and preferably does not 
inhibit the plating rate. An appropriate buffer will ba 
dependent on the desired working pH. 

The plating composition say include optional 
S ingredients such as surfactants or vetting agents to 
improve the coating uniformity. Where surfactants axe 
included, preferably they are introduced into tha 
coaposition in an amount such that In the plating bath, 
thay vill be present at > concentration of fron 0.02 to loo 

10 g/1. Preferably they will ba incorporated at a 
concentration of from o.l to 25 g/l and oost preferably at 
a concentration of fron X to IS g/1. Any standard 
surfactant or vetting agent useful In a plating bath nay be 
used. Honionlc surfactants are preferred. Particularly 

15 preferred surfactants are ajjcyl phenol ethovylates, alcohol 
ethoxylates and phenol ethoxylatea such as *Synperonic np» 
(ex Id), *aynperonlc Al« (en icij and *Sthylan KB* (ex 
Karcros), respectively ('denotes trade nana). 

A further optional ingredient which can be Included in 

20 the plating baths of the present invention are grain 
refiners. Grain refiners ioprove the appearance of the 
plated metal surfaces by cauaing foraatlon of smaller 
crystals of plated natal having a nore densely pacXed 
structure. Suitable exaaples of grain refiners include 

25 lover alcohols such as those having fron l to e carbon 
atoms, fox exanple isopropanol and polyethylene glycols, 
for exanple PEG 1450 (Carbovax* union carbide). Grain 
refiners any be incorporated in the coaposition in amounts 
fron 0.02 to 200 g/1. More preferably, if a grain refiner 

30 is Included, it viU be at concentrations of fron 0.05 to 
loo g/1 and aost preferably fron o.l to 10 g/1. Any non- 
aqueous solvent should be present in amounts below 50* by 
weight of the composition, preferably below 30* by weight 
or even below 10% or 5% by weight of the plating 

35 coaposition. 
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other non-active, non-interfering components may be 
included such as defoamer* especially tor spray 
applications (eg. A100 supplied by Dow), dyes etc. 

Hie balance in th« composition Is water. Deionised 
5 water or ether purified water which has had interfering 
ions removed, is used in the plating composition used in 
the process of the invention. 

In order to form the plating composition for use in 
the processes of the present invention, preferably a 
10 solution is firstly prepared comprising deionised water, 
eomplexing agent as defined above, and any buffering agent, 
optionally with the other optional ingredients, and s salt 
of the aore electropositive metal is added as an aqueous 
solution to the ether components which have bssn formed 
15 into a pre-mix. It baa been found that this Is the Host 
advantageous way to prepare the solution because trying to 
dissolve the Beta! salt directly into the plating 
composition is relatively tine consuming and. where the 
metal is silver, tends to be mora vulnerable to photo- 
3Q reaction which results in precipitation of silver ions out 
of solution, as a dark precipitate. 

Preferably the pa of the composition to which a silver 
salt is added will be from pH 3 to ID, most preferably from 
4 to 8. 

25 The components are mixed until they have substantially 

dissolved. The use of heat for silver dissolution is 
disadvantageous Because again, it may tend to cause the 
formation of a dark silver precipitate. 

After contact of the bare board with the solution 
30 comprising tarnish inhibitor, toe board ie dried. 
Preferably, there "ill be no post-rinse step between 
contact or the beard with the solution end drying. 

Drying may be by any means, but is generally using 
warn air, for example treated metal may be passed through 
35 a drying oven. 

The coating obtained using the method Of the present 
invention produces a surface which is considerably more 
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uniform and even th.n that obtained in the conventional HAL 
processes and. compared with organic protection, the 
coating is norc resistant to soldering operations. 
Furthermore, the process or this invention is less 
expensive and simpler than use of the nickel/gold process. 

the plated pads and/or 
. The metal of the pad(s) 
and/or through-holes (generally copper) and plating metal, 
usually silver, and/or the plating metal and solder Bey 
tend to intermix. The bond farmed vith the components has 
good electrical conductivity and good bond strength. 

after component attachment, finished boards having 
components attached over the plated layer of the present 
invention, do not suffer joint reliability problems as do 
Ming a nickel/gold step. 

A composition was prepared in which SOg EDTA and 20. 4g 
of solid sodium hydroxide vers mixed with sufficient water 
to dissolve them, a solution comprising lg silver nitrate 
in deionised water was subsequently added to the premixture 
comprising EDTA and sodium hydroxide solution and deionised 
water was added to l litre. Copper double sided circuit 
boards, having a variety of surface mount feature and 
plated through holes of various diameter were coated with 
the silver solution using the following procedure. 

Boards were chemically brightened In an aqueous 
solution of 20* v/vHjO, (35*), 0.5* V/V H,S0 4 (96*), 2.5* 
1,4-butanediol for 1 minute. A tap water rinse was then 
employed, followed by an acid rinss in 10* HjSO, far 1 
minute. The boards were given a furtner water rinse, then 
immersed in the silver plating solution at 40"C for 4 
minutes. After removal from the bath, the boards ware 
rinsed with water and warm air dried. Copper areas of the 
board were coated with a bright, even silver deposit. 

Coated boards were subjected to three passes through 
a typical IK silver paste reflow profile - see figure 1, 
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then wave soldared using NR300, an Alpha Ratals VOC free, 

no clean flux. 100* filing of the plated-through holes 

with solder was achieved. 

Further beards ware stored In a humidity cabinet at 
S 40»c/93% RM for 24 hours before being passed through 3 IR 

raflov profiles. These boards shoved a slight degree of 

tarnishing on the silver coating. However 100* hole 

filling was still achieved during subsequent vave soldering 

with BR 300 flux. 
10 K vannle a 

* silver plating solution was prepared by forming a 

solution comprising SOg EDTA, 20. 4g- HaOK, 14g Sthylan HB4 

(Mo-os chemicals), 3g Crodaaat 03 (Croda Chemicals) in 

SOOals deionlsed water. To this solution was added a 
IS solution of lg AgUO, in 100 mis dsionisad water. Iho pH 

waa adjusted to 6.8 by addition of dilute XaOK/HVO,. then 

made up to l litre with deloniead water. 

Double sided bare copper boards were coated with the 

above solution Using the procedure as described in example 
20 A. 100* filling of plated through holes with solder was 

achieved during wave soldering with SDX300 flux after 

passage through 3 XX reflow profiles. 

Boards stored at 40*c/93*RH for 24 hours prior to 

passage through 3 IB reflow profiles showed no evidence of 
25 tarnishing and soldered well during wave soldering trials, 

giving 100% hole filling. 

Double sided bare copper boards vara coated using the 
bath composition end procedure as described in example 1. 

30 Following removal of the boards from the silver plating 
solution and rinsing, the boards were immersed in a 
solution of 4g Reoaot 42 {cifaa-seigy} in 1 litre deionlsed 
water (pH 7) for 1 minute -at room temperature. The boards 
were then rinsed in tap water end warm air dried. A bright 

35 even silver coating was produced. 

The coated boards were stared at 4Q*C/»3* RH for 24 
hours then passed through 3 IX paste reflow profiles. The 
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boards showed no evidence of tarnishing, and soldered well 
whan wave soldered using HR 100 flux. 



Coupons of copper strip (Scat x lea) were coated with 
the silver coating as described in example 3. In addition, 
further saaples were coated with imaersion tin, 63/37 Sn/Pb 
and two competitors solder ability preservative coatings 
based on substituted banziBidazole chemistry. The 
following coating procedures were applied for the various 
samples: - 

emersion Tin coating 

Coupons were etched in an aqueous solution of NajSjO, 
(5*) , HjSO t (5*) for 2 oinutes, rinead with t»p water, then 
rinsed with 10* H,SO t for 1 minute and then rinsed with 
deionised water. The coupons were then Immersed in on 
inversion tin platiaq eolation etraprieing 33g/t sn (BP 4 )j 
ISO g/l thiourea, 20 g/t fluaroborlc acid and 5 g/l 
Synperonic HPS (ex ICI> in deionised water, for 1 minute at 
room temperature. The coupons were then rinsed with 
deionised water and warm air dried, 
sua CBsUm 

Coupons were etched in an aqueous solution comprising 
**z s A (S*| and H,so 4 (S4>, rinsed with tap water then with 
10% H,S°* and than with deionised water. The coupons ware 
van air dried. Alpha wuoo flux was then applied to each 
coupon. The coupons were then coated 63/37 Sn/Pb by 
aolten solder at 250-C for 3 seconds. 



30 tin samples. Coupons were then immersed in the solution 
containing the ssola at «0'C for 90 seconds. After removal 
from the azole containing solution, the coupons were rinsed 
with deionieed water, and warm air dried. 

I subjected to a variety of different 



■ 3 solder paste reflow profiles. 



27/3 I 



^85^8-2 5 5 968 



C. Storage at 40«C/93* rm tor 96 hours. 
0. Storage at 40*C/94% rh for *« hours, than 3 solder 
past* raflow profiles. 
E. storage at ISO'C Cor 2 hours. 
5 samples vere then soldered using & neniscograph with 

NR300 flux. 

The aeniscograph test method nonitors the 
solder ability by measuring the net fore* acting between 
specinen and solder. The coatings are assessed by the 

10 length of time to reach cero vetting force, and the size of 
the equilibrium wetting force, to achieve good results in 
wave soldering a short vetting time end high eguilibrium 
wetting force are preferred. 

The table below shows the wetting times in seconds and 

IS wetting forces after 2 seconds immersion in mH/mm for 
various copper coated samples. 
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60 A displacement bismuth plating composition was 

prepared comprising 3.9g bismuth oxide, 183. lg hydrogen 
chloride (ac 37» solution), 490. Sg glycolic acid (70* 
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solution), JSS.4g <so% sodium hydroxide solution), o.077g 
potassium iodide, O.OOJg synperonic KP9 (ex ICI) and «g 2p- 
ehlorobeniyl benziaidazole, ware added to deionised water 
to make 1 litre of product solution. Bare boards having 
S copper pads and copper through holes were chemically 
brightened u described in example 1, then iamareed in the 
plating baths for 2 minutes at ?o*c. K coating ox bismuth 
was formed an the surface of the copper having a thickness 
ofO.osua. subsequent solderability and tarnish resistance 
10 tests carried out on the plated bare boards showed good 
results for solderability and tarnish resistance. 

Double sided bare copper boards wore bright etched in 
an equeous solution of SO* v/v JOIOj, 10* H,SO t 10* K,So t , 1* 

15 HC1 for 1 minute at rooa temperature. Boards were than 
rinsed in tap water followed by 10* HjSo 4 for l minute, 
after a further water rinse, hoards were immersed in silver 
plating bath described in example 2 for * minutes. at 
iS'C. Boards ware then water rinsed and worn air dried. 

20 The coated boards were stored at «0«C/93* KB for 24 

hours than passed through 3 XX paste raf low profiles. The 
boards shewed no evidence of tarnishing and soldered well 
whan wave soldered using KR 30O flux. 

25 A silver plating bath was prepared by forming a 

solution comprising 6A.Bg diethylens trlaalne peata-acatic 
acid, 23.09 HaOH, i*g surfactant Ethyls* BB4 (akros 
Chemicals), z.3g crodamat 02 an othoxylatad 3- amine 
compound (croda Chemicals) in BOOmls deionised water. To 

30 this solution was added a solution of ig silver nitrate in 
lOOmls deionised water. The pH of this solution was 
adjusted to 6.9 by addition of dilute HaOH solution or 
nitric acid. The volume was then made up to 1 litre using 
deionised water. 

33 Double sided bare copper boards were coated using the 

above solution using the procedure as described in Example 
1. 100* filling of the plated through holes Was achieved 
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during wave-soldering of the coated boards using Alpha 
Metals ma 00 flux after peasaga through 3 I.R. ret low 
profiles showed no evidence of tarnishing, and soldered 
well during wave- soldering trials giving look hole-fill. 
5 pxamnle a 

An Immersion silver plating solution was prepared 
comprising 8«. ig deionised water, lg of nitric acid, o.ig 
of silver nitrate, o.jg of cheneen CZ (entitarnish) and 
0.4g Kasawet OF (solubiliser) . The pH was adjusted to 6 
10 using a 50* solution of ethylene alanine. The bath 
produced an adherent silver deposit on copper coupons which 
showed good eoldersbility and humidity resistance. 

A bismuth plating solution wae prepared containing 
IS bismuth trloxide 2. 1« vt. . hydrochloric acid (22*Bs> 46.73* 
wt., glycollic acid (70*) 49.5% wt., f>otassiua chloride 
0.07 % wt., polyethylene glycol 600 O.l* wt., Chemax 
Cheaeen C3 0.3* wt., distilled water 1.2* wt. and tartaric 
acid 0.1* wt. A further solution was prepared from which 
30 the Cheneen C2 was omitted, samples of copper clad printed 
circuit material were plated in each of the solutions. 
These plated samples were then placed in a humidity chamber 
for 16 hours at 60*c and 95* relative humidity. 

After this exposure the samples ware examined, and 
2S those prepared in the solution without the Cheaeen C2 were 
heavily tarnished. The samples prepared in the solution 
containing the tarnish inhibitor bad a good appearance with 
minimal oxidation, and when tested showed good 
solderahillty. 



4. Brief Dwcription of Drwlass figure 1 

(which illustrates a suitable example of temperature 
against Use for a reflov pees) 



Fig 1 
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L. Abstract 

A process used during manufacture of VCB'e comprises. 
5 protecting metal pads and/or through-holes to provide a 
tarnish-resistant and solderable coating. In the method 
the pads and/or through-holes are bright -etched, metal 
plated, preferably by an immersion process, and treated 
with a tarnish inhibitor, the tarnish inhibitor may be 
10 incorporated into the immersion plating bath. The metal 
plating is usually with silver or bismuth and the pads 
and/or through-holes comprise copper. 



2. Representative Drawings 
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